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ABSTRACT
ENHANCING AND EVALUATING SCIENTIFIC ARGUMENTATION IN THE INQUIRYORIENTED COLLEGE CHEMISTRY CLASSROOM
By
ANNABEL N. D’SOUZA

Advisor: Dr. Wesley Pitts

This research presented in chapters 2, 3, and 4 in this dissertation uses a sociocultural and
sociohistorical lens, particularly around power, authority of knowledge and identity formation, to
investigate the complexity of engaging in, supporting, and evaluating high-quality argumentation
within a college biochemistry inquiry-oriented classroom.
Argumentation skills are essential to college and career (National Research Council,
2010) and for a democratic citizenry. It is central to science teaching and learning (Osborne et
al., 2004a) and can deepen content knowledge (Jiménez-Aleixandre et al., 2000; JiménezAleixandre & Pereiro-Munhoz, 2002). When students have opportunities to make claims and
support it with evidence and reasoning they may also increase their problem-solving and critical
thinking capacity (Case, 2005; Willingham, 2007). Overall, this has implications in supporting
students to become increasingly literate in scientific ideas, language, and practices.
However, supporting argumentation can be challenging for instructors, particularly in
designing leaning environments that facilitate and evaluate both the process and the product
during student discussions (Duschl & Osborne, 2002). Fostering argumentation is complex and
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requires explicit modeling and multiple opportunities for dialogic interactions. This dissertation
will examine how several facets influence argumentation in order to support instructors in
implementing and improving argumentation in their inquiry-oriented classrooms. These facets
include access to language and use of discursive moves, classroom design, curriculum and
instructional activities, and interactional dynamics and power negotiation. The data set for this
dissertation is a transcript generated from the audio- and video capture of a 7-minute student
discussion around a mechanism in the TCA (TriCarboxylic Acid) cycle, as well as student
writing, and course documents from student portfolios.
This dissertation, organized using the manuscript style structure, will present three
standalone chapters, each with a specific focus related to the central theme of supporting
argumentation, which is the connecting thread. Chapter 2 will discuss how power is negotiated
during the argumentation process and how interaction dynamics can support or inhibit the quality
of argumentation. Chapter 3 will provide assessment and evaluation support to instructors who
want to guide their students in meeting high quality levels in both the process and product of
argumentation. Finally, chapter 4 will explore the influence of pedagogical, and instructional
resources and tools on the quality of argumentation. This includes a discussion of the influence
of classroom talk, particularly discursive moves and interactional dynamics, as well the
curriculum and instructional activities, and the design features of the learning environment. Each
chapter will conclude with instructional implications that provide practical guidance in the form
of pedagogical activities to instructors. Partial funding for this dissertation was received from a
PSC-CUNY Cycle 44 Research Award (66799-00 44).
Findings suggest that the classroom design can support collaboration and the dialogic
nature of argumentation, and the curriculum and activities can act as resources for students to
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share and negotiate multiple perspectives, but that instructors can also influence the process of
argumentation by utilizing specific discursive moves, such as telling and revoicing, to promote
or inhibit argumentation. The results, specifically from chapter 4, also propose that instructors
model and share the expected criteria for high quality components of argumentation. The need
for instructors to be aware of the criteria for high levels of quality for each of the argumentation
components is a critical implication of this research. The criterion is presented in this dissertation
and is derived from a review of multiple findings by researchers of argumentation, as well the
scientific community at large. Creating structures and implementing targeted pedagogical
strategies that support argumentation can lead students to use the process of argumentation as an
empowerment tool to enact agency and negotiate power. This has the potential to sustain the
success of science students, create a community of practice, and increase equity and access for
all.
Keywords: Chemistry, science education, inquiry, argumentation, POGIL, IODM,
Toulmin, college, discourse analysis, assessment, pedagogy, discursive moves, power
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DEFINITIONS OF ABBREVIATIONS AND CRITICAL TERMS USED IN THIS
DISSERTATION

•

Toulmin’s Argumentation Pattern (TAP): Indicates what argumentation component is
present

•

Inquiry Oriented Discursive Moves (IODM): Indicates the type of discursive move for
each utterance

•

Turn-at-Talk (Discourse Analysis): Framework for interpreting power through the
relationship among each turn and to the event

•

Levels of Argumentation (LoA): Examines the argument, particularly rebuttals and
assigns a quality level

•

Quality of Reasoning in Science Classroom Discourse: Examines the argument,
particularly warrants and assigns a quality level

•

Types of Dialogue: Criteria about the accepted and popular types of talk from and within
the science community

•

Process Oriented Guided Inquiry Learning (POGIL): An inquiry-based model for
teaching and learning in which students work collaboratively to examine and interpret
models, and respond to questions that increase in complexity, in order to develop
conceptual understanding.

•

Assessing Argumentation Dynamically (AAD) rubric: A literature-derived, multiframework analytical and assessment tool to track and code the utterances or argument of
each participant to determine sophistication or quality levels
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CHAPTER 1
OVERVIEW OF THE STUDY

Introduction
This dissertation is focused on exploring how the multi-faceted components of
argumentation can be fostered in an inquiry-oriented classroom in order to support instructors in
guiding students to engage in high-quality argumentation. Argumentation is an essential Nature
of Science (NOS skill) (NRC, 1996) and is not only important to science practice, but also has
implications for social and life based decision-making. The skill of argumentation has links to
increases in democracy and citizenship (Fulkerson, 1996), and critical decision making in life
that go beyond school and employment (Kuhn, 1992). Currently, we receive multiple messages
about critical issues that have a significant impact on the quality of our lives—from health, to
politics, to media. In order to critically assess these messages, citizens need argumentation skills
to participate in life. These same skills are essential to function in a successful economy.
Recently, there has been significant attention (Jerald, 2009, p. 47; National Research Council,
2010) on supporting several 21st century skills that are vital to employers. These skills include
strong oral communication, teamwork-collaboration, critical thinking and problem-solving skills
(National Research Council, 2008; Thomas & Brown, 2011) but employers are challenged in
finding these socio-scientific skills in the hiring market.
To support the needs of employers STEM courses and national education policy have
modified their guidelines to emphasize professional socio-scientific skills. For example, the
Common Core State Standards (CCSS) underscore that constructing and evaluating arguments
are essential skills for college and career readiness (Common Core State Standards, 2010).
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Accordingly, argumentation is a central skill in the practice of science. Argumentation was
chosen as the focus of this dissertation because it has been shown to increase content knowledge
(Jiménez-Aleixandre et al., 2000; Jiménez-Aleixandre & Pereiro-Munhoz, 2002); it encourages
students to seek out additional resources to justify their claims, examine the validity of alternate
viewpoints and acquire deeper conceptual understanding to utilize the course’s theoretical
underpinnings as warrants (Jiménez-Aleixandre et al., 2000; Jiménez-Aleixandre & PereiroMunhoz, 2002).
To foster these socio-scientific skills several innovative learning environments have
emerged that include problem-based learning (Deek et al., 1998; Harmon et al., 2002; Maskell,
1999), peer-led team learning (Horwitz & Rodgers, 2009, Haller et al., 2000), modeling
(Hestenes, 2010), and process-oriented guided inquiry learning (POGIL) (Farrell et al., 1999).
While this is a commendable approach, there are many challenges to supporting argumentation
in the science classroom. There is evidence that argumentation burgeons in environments with a
high level of dialogic interactions (Mortimer and Scott, 2003). This is inherent in inquiryoriented environments (Hanson, 2005) but this study also acknowledges that argumentation is a
skill that should be explicitly taught (Herrenkohl et al., 1999). Argumentation requires structured
tasks, modeling and targeted instruction (Simon, Erduran & Osborne, 2006). Teaching and
learning argumentation skills is a time-consuming activity that necessitates explicit practice and
multiple opportunities (Jiménez-Aleixandre, 2008) because students do not inherently possess a
natural ability to engage in argumentation (Kuhn, 1991). Some studies found that students are
challenged in explaining how evidence supports a claim (Anderson et al.,1997; Clark &
Sampson, 2008). Others highlight that while students can make claims and support it with data
they may not be aware of the importance of warrants and rebuttals (Felton & Kuhn, 2001), and
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therefore, much less likely to incorporate these elements during a discussion, which inherently
results in low quality levels of argumentation. Additional studies have found that students find it
difficult to use scientific data (Sadler et al., 2004) and do not know the criteria for evaluating
evidence (Kolstö, 2001). This suggests that supporting students in reaching high-quality
argumentation requires that the instructor employ a range of pedagogical strategies to assist
students in learning how to engage in argumentation. By examining how the central scientific
skill of argumentation can be better supported and evaluated this dissertation hopes to further
assist instructors with suggestions for the appropriate pedagogical, instructional, and assessment
practices that lead to high-quality argumentation and improve science education for all.

Research Questions
The goal of this dissertation is to explore aspects of quality in students’ argumentation, in order
to develop a framework that will support the content (product) and structural (process) aspects of
argumentation in the science classroom.
Overall research questions:
1. What instructional and pedagogical moves guide, sustain and lead to the highest quality
of argumentation to teach chemistry concepts?
2. How does interactional dynamics, particularly discursive moves, influence the
negotiation of power and authority and the quality of argumentation among participants
engaged in the verbalized argumentation cycle?
3. How can the process and product of argumentation be evaluated in order to achieve highquality argumentation?
4. What are the many ways that instructors can support, assess and improve argumentation?
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Background on Argumentation
Argumentation—supporting or refuting a conclusion using evidence and theory—can
increase critical thinking skills and deepen conceptual understanding (Jiménez-Aleixandre et al.,
2000). Argumentation is a critical epistemic practice in science. By engaging in argumentation
students experience the practice of science (Driver, Newton, & Osborne, 2000; Sandoval &
Millwood, 2005) and build epistemic foundations through social interactions (Bricker & Bell,
2008). Argumentation is context-dependent (Latour, 1987). For example, in the field of science,
a valid argument is consistent with the epistemological criteria used by the scientific community.
Valid argumentation would require prerequisite knowledge and skills about not only what to
argue but how to argue as well (Mortimer & Scott, 2003). Students would need to justify claims
with adequate backing (Sampson & Clark, 2008) and have multiple data points and evidence
(Driver et al., 2000). The focus on the criteria for high-level arguments can promote conceptual
learning and lead to increases in scientific epistemology. This dissertation supports JiménezAleixandre and Erduran’s (2008) suggestions that the inclusion of argumentation as science
classroom activities can develop critical thinking, empower students to think, write, read and talk
like scientists thereby enculturating students in scientific practices, and increase acquisition of
scientific academic language and engage in deeper levels of scientific literacy. Overall, this can
foster a culture and practice of science, particularly in students developing an epistemic
foundation for the criteria for how evidence is evaluated, how reasoning is developed, and how
theories are selected (Kelly et al., 1998; Jiménez-Aleixandre & Erduran, 2008).
The classroom environment explored in this study uses POGIL activities. While there has
been considerable examination (Hanson and Wolfskill, 2000; Farrell et al., 1999; POGIL, 2005)
of the POGIL environment, the findings from this dissertation will add to how POGIL activities
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support argumentation specifically, and the sociocultural components of teaching and learning
science overall.

Process Oriented Guided Inquiry Learning (POGIL)
Student-centered learning environments, such as the POGIL environment explored
throughout this study, are grounded in Dewey’s (1938) notion of a constructivist classroom since
students are given opportunities to co-create the knowledge and collaborate with peers to arrive
at conclusions grounded in evidence to solve practical real-world applications. Learning is seen
as a cooperative effort where students learn through interaction either with other students or
resources in the classroom. Through interactions students explore and build knowledge. As
students engage with others and their environment they may also shift their epistemological
perspective as they negotiate with others on what counts as knowledge.
Students are consistently asked to engage in high levels of student-student interactions. In
POGIL activities students work in groups to explore and interpret models—a chart, diagram,
mathematical computation—and engage in argumentation by justifying their responses to
sequenced questions that increase in cognitive load. Students are asked questions that begin with
“using grammatically correct English explain how…” They also evaluate and communicate
information with other students (Spencer, Moog and Farrell, 2004). POGIL activities provide
multiple occasions to engage in negotiation of perspectives because periodic reporting is
embedded in the activity structure. Students are frequently asked to present their unanimous
group response to the whole class.
Collaboration is critical in POGIL activities and necessary for fostering argumentation
(Kelly et al., 1998; Sandoval & Reiser, 2004). The activities are grounded in a teamwork
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structure with guided sequential questions (from lower-order to higher-order thinking questions)
that are based on a cognitive model of learning (Svinicky, 2004) and the Learning Cycle
(Karplus and Thier, 1967). The Learning Cycle is a key tenet of the POGIL activity and has three
stages—exploration, concept invention (or term introduction) and application (Renner, Abraham
& Birnie, 1988; Atkins & Karplus, 1962; Lawson, 1995; Lawson et al., 1989). Derived from
Piaget’s (1964) discussion on how students co-construct knowledge through interactions with
each other and the world, Karplus (1967) developed the 3-stage cycle so that each stage carefully
expands the following stage. The activities begin with exploratory questions based on
information around models to burgeon prior knowledge, followed by critical thinking questions
to deepen understanding leading up to application exercises to extend reasoning. In the
exploration stage, students build on prior knowledge and explore the text, diagrams and/or
models for contextual clues to answer the questions. It is only after this stage that they are
introduced to the term and use their responses to the exploration stage to define the term. The
application phase of the cycle encourages multiple answers, as it is an open-ended question,
related to the concept and connected to a real-world situation.
The course instructor supplements background conceptual information when and as
needed and most of the instructional time is used to circulate among the groups, ask questions,
assess for understanding and guide collaborative work (Farrell, Moog and Spencer, 1999;
Hanson and Wolfskill, 2000).
Theoretical Framework
The theoretical foundations for this dissertation are situated in sociocultural and
sociohistorical theory around science identity and power, and event-oriented
sociology. Sociocultural theory posits that individuals construct educational contexts through
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social activities (Vygotsky, 1978; Cobb, 1994). In the science classroom, these activities are
bound up in the social practices in which it resides (academic, laboratory, science instruments,
acting like a scientist, utilizing science vocabulary) (Brown, 1992). While sociocultural theory is
the theoretical lens, the study utilizes event-oriented sociology in theorizing the selection of the
event. Events are moments in time that are bounded by the actions and reactions that people
make in response to interactions with each other (Roth and Tobin, 2010). The event selected for
this dissertation resembled several components of the argumentation schema noted in the
literature on argumentation. For example, the verbal discussion, examined in this dissertation,
showcased students accessing localized knowledge, contesting it, and inherently contesting
established power structures. Knowledge is negotiated because learning is co-constructed with
others (Tobin & Roth, 2006). During this process, from a sociocultural lens, the socially
constructed boundaries evolve (Kincheloe, 1993) and argumentation emerges as an
empowerment tool. Classroom science is a cultural practice where members share and agree on
an abstraction of what it means to do science or be scientist-like (Bauersfeld, Krummheuer, &
Voigt, 1988; Cobb, 1994; Tobin, 2006). While power and knowledge are embodied in the actions
and reactions of the community of practice (Foucault, 1994; Felluga, 2011), during the
argumentation process participants have the opportunity to express their reasoning, to enter into
dialogue with others and to question shared perspectives, thereby contesting the shared
abstractions and constructed boundaries (Lave & Wenger, 1991). As participants engage in the
cultural enactment of science they establish and change academic identities (Aronson et al.,
2009) by using the resources, tools and instructional structures to manage and sustain their roles,
and to enact agency to achieve learning goals (Engeström, 1999d). These tools can be in the form
of textbooks, class and school rules, academic language, social interactions with others, or
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grading practices. These tools, in particular the use of language—both academic and
interactional (discursive moves)—can shape social leveraging in the science classroom (Barker,
2005; Stetsenko, 2008). Participants may use language, disclosed within interactional dynamics,
to recognize who and what is valued and how. Therefore, all argumentation events are complex,
continuously contested, and dynamic (Lips, 1991). They are dependent on the social
environment where the location of knowledge is negotiated (Bloome et al., 2004).
All argumentation events are also a sociohistorical enactment of collective and individual
agency nested in local, national, and global agendas (Engeström, 1999d). The larger domains of
school and society have global demands about what constitutes a valid warrant or a high-quality
rebuttal, or even the appropriate scientific theories, laws, and models (Latour, 1987, Kelly and
Takao, 2002). These have structuring effects on the process and product of argumentation. At the
local level, knowledge is socially constructed through the tasks, talk, and tools used in the
classroom during the event. This local level is situated within a global context which influences
the language accessed and used, which in turn alter power structures, academic identities and
authority of knowledge (Aschbacher et al., 2010).

Context of the Study, Participant Description & Data Collection
The event examined in this study was consistent across the dissertation. The setting for
this study is a senior-level biochemistry classroom at a mid-size suburban university in the
northeast section United States. The instructor was selected because of his use of inquiryoriented activities (POGIL) to teach biochemistry. Nine female and one male student were
enrolled in the course. The students were in their last semester and were all registered
undergraduate chemistry majors. Nine of the ten students enrolled in the senior-level

9
biochemistry course intended on pursuing post-undergraduate work in fields related to science
including the medical field and one hoped to enter the teaching field as a public school
Chemistry teacher. IRB approval for the study was received in IRB approval for the study was
received in June 2012. All data collection concluded in May 2013.
The course met for 50 minutes, 3 days per week. The class sessions were divided into
lecture, recitation and laboratory. Students typically spent a majority of the lecture-class time
working in their small groups on POGIL activities. The researcher would video and audiotape
the lecture-classes and write down observation notes. The researcher and the instructor would
meet after class to debrief about the notes or any major events during the lesson. Other data
forms collected in addition to audio and videotapes includes student portfolios with exam
responses, reflection papers and class notes, and course assignments and syllabus.
Each chapter is situated in an exploratory case study framework in which students in an
inquiry-oriented classroom that utilized POGIL activities were discussing a chemical mechanism
in a particular part of the TriCarboxylic Acid (TCA) cycle. The event occurred in the sixth week
of a 14-week course. It involved three groups of students, with three students each (one student
was absent from the event), sitting at three round tables near each other in the class. A seating
chart and a class arrangement schematic is provided in chapter 2. In the event several students
were discussing a biochemical mechanism involved in the TCA cycle with minimal interruption
from the instructor. The narrowing focus in the selection of a salient event for this dissertation
considered the theoretical foundations for argumentation, which burgeons within high levels of
dialogic interchanges. The event selected represent illustrations of developing science identity
and power through analyses of discourse and interaction turns. Specifically, the dissertation
considered conversationally bounded exchanges between whole class—teacher—small group.
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For this event, the students were only given the initial reactant (citrate) and the final product
(malate dehydrogenase) and asked to “Describe the steps and reagents to get from the compound
A (citrate) to the compound B (malate dehydrogenase).” From the transcript of the event it is
revealed that one student turned to another student regarding a possible solution to the problem
(line 7) while another student voices her claim (line 8) and the discussion begins (line 9). As the
discussion proceeded alternate forms of knowledge were presented and the participants reasoned
the validity of both presentations. The event transpires for approximately 7 minutes.
Since the same transcript was used as the major data set in all three studies, it was
handled with an initial process that was also consistent in all three chapters (chapters 2 ,3 and 4).
First, the transcript of the event and the length imprint for each utterance was generated. The
length imprint is defined as the starting and ending point of an individual’s verbal expression.
For example, if Individual 1 started speaking and continued for 4 words but was then interrupted
by Individual 2 the length imprint for Individual 1 would only count those four words. This
would be considered turn 1. Continuing in this manner, the time and turn of the next speaker (in
this case turn 2) was recorded. Then a coding scheme, derived from Toulmin’s argumentation
model (TAP), was used to determine the argumentation patterns in the transcript. In chapter 2,
the transcript was analyzed with Inquiry-Oriented Discursive Moves (IODM) framework and
Turn-at-Talk Discourse Analysis framework as additional coding schemas after the initial
processing. In chapter 3, the transcript was explored with Levels of Argumentation framework
and Quality of Reasoning in Science Classroom Discourse framework in addition to TAP.
Finally, in chapter 4, the transcript was examined with the IODM framework, Types of Dialogue
analysis, and Levels of Argumentation framework in addition to the coding of TAP components
from the initial processing.
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Structure of the Dissertation
This is a manuscript style dissertation with three standalone chapters: Chapters, 2, 3 and
4. These middle chapters have a common thread. First, in its use of sociocultural theory as its
theoretical lens, and second, in its connection to the central theme of enhancing and evaluating
argumentation. Preceding the middle chapters is this chapter, Chapter 1, which serves as an
introduction and description of the overall research objectives that guided this work, the
theoretical framework that grounded the research, and a discussion about the importance of
investigating and improving argumentation. A summary of the major chapters (2, 3, and 4) are
also described in the Chapter Description section in Chapter 1 (below). Finally, this dissertation
will conclude with Chapter 5, which will review the specific findings and summarize the overall
findings from chapters 2, 3, and 4 as well as consider the limitations of this study. Consideration
was given to addressing the implications of this research for pedagogy, professional development
for instructors, and suggestions for future work. The dissertation ends with references and
appendices.

Description of Dissertation Chapters
Chapter 2: Exploring Power Distribution and Its Influence on the Process of
Argumentation in a POGIL Biochemistry Classroom
In the exploratory case study presented in this chapter three coding frameworks were
utilized in a coordinated fashion in order to answer research question 3: How does interactional
dynamics, particularly discursive moves, influence the negotiation of power and authority and
the quality of argumentation among participants engaged in the verbalized argumentation cycle?
The study presented in this chapter explored how students in an undergraduate biochemistry
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class engaged in the process of argumentation within an Inquiry-oriented learning environment
to investigate a chemical mechanism in a particular part of the TriCarboxylic Acid (TCA) cycle.
First the transcript of the video and audio recording of the event was coded with the first
schema—Toulmin’s Argumentation Pattern (TAP) model, which highlighted the argumentation
components present in the event. The second framework coded the interactions for discursive
moves using the Inquiry-Oriented Discursive Moves (IODM) framework. The third and final
coding schema utilized turn-at-talk counts as a framework in order to explore how power and
authority shift between and among participants in the classroom. The coordination of three
coding frameworks on a transcript is an interesting methodological approach. IODM is a
framework borrowed from mathematics literature and is useful in highlighting
discursive/dialogic moves in inquiry-oriented classrooms. TAP is an argumentation framework
that highlights the structure of the argument such as claims, evidence, reasoning etc. Through the
methodology applied in this chapter, both the process and the product of an argumentation event
can be analyzed. This is important because on their own, each framework alludes to either the
process or the product, but together, we get a deeper insight into the dynamics that can inhibit or
promote argumentation. This chapter concludes by discussing how changes in power dynamics,
through the role of discursive moves, alters interaction dynamics and influences the process of
argumentation.

Chapter 3: Assessing and Evaluating the Process and Product of Argumentation in an
Inquiry-Oriented Biochemistry Classroom
This chapter seeks to support instructors who are interested in supporting argumentation
by providing an assessment framework to examine the level and strength of the argument
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expressed by each participant. The chapter will provide an answer to research question 4: How
can the process and product of argumentation be evaluated in order to achieve high-quality
argumentation? by suggesting practical and influential pedagogical moves so that the quality of
the process and product of argumentation can be evaluated.
The methodology for this chapter includes the application of Toulmin’s model as a coding
scheme to analyze the elements of argumentation present in the TCA cycle discussion. This will
be followed by coding of rebuttals through the analytical framework highlighted by Simon,
Erduran and Osborne (2006), labeled as Levels of Argumentation (LoA) framework. This
framework is used to determine the quality of argumentation by evaluating the use of claims,
evidence, warrants, qualifiers, rebuttals and backings expressed. This chapter examined the
strength of the rebuttals in particular, as it is a high-level argumentation component according to
Toulmin (1969). This study then employed Furtak et al.’s (2010) Quality of Reasoning in Science
Classroom Discourse framework to explore how reasoning or warrants—another high-level
argumentation component (Toulmin, 1969), can be assessed. Finally, this chapter concludes with
a discussion on the value of the assessment frameworks in supporting argumentation in this
inquiry-oriented learning environment and suggests the use of a rubric titled Assessing
Argumentation Dynamically (AAD) to evaluate both the process and content of argumentation.

Chapter 4: An Examination of the Pedagogical, Instructional, and Dialogical Moves That
Support Argumentation in an Inquiry-Oriented Biochemistry Classroom
The focus of the fourth chapter was to study the enactment of argumentation, specifically
the teacher and student discursive move sequences, and influence of the curriculum, classroom
design, and the pedagogical activities as structural supports in burgeoning or inhibiting
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argumentation. This chapter seeks to provide a response for research question 2 and 3: What
instructional and pedagogical moves guide, sustain and lead to the highest quality of
argumentation to teach chemistry concepts? And how does interactional dynamics, particularly
discursive moves, influence the negotiation of power and authority and the quality of
argumentation among participants engaged in the verbalized argumentation cycle? Four coding
frameworks were utilized as methodologies. These were Toulmin’s model for argumentation
(TAP), inquiry oriented discursive moves (IODM), Levels of Argumentation (LoA) framework,
and Types of Dialogue. These frameworks were similar to the coding schemas employed in
Chapter 2 and 3 with the exception of the Types of Dialogue framework, which was only used as
a coding schema in chapter 4. This chapter also included an analysis of student work in the
weeks preceding the event and correlated the analysis with the learning activities and
pedagogical strategies utilized in the course. This chapter concludes with a discussion of the
influence of the classroom design and the design of the syllabus and tasks on supporting higher
quality argumentation. This chapter also extends the findings in chapter 2 that are related to
discursive moves through a deeper examination of the role of the discursive move revoicing on
interaction dynamics, classroom community, and the type of talk that is resonant among
scientists.

Chapter 5: Conclusion
The final chapter, Chapter 5, discusses the overall findings of each of the three studies, as
well as the limitations of this study and the implications for practice, science education, and
future research in order to answer the overall research question of this dissertation: What are the
many ways that instructors can support, assess and improve argumentation?
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A larger goal of this dissertation is to support instructors in enhancing argumentation
skills through the pedagogical and instructional suggestions. Together, the three studies in this
dissertation will examine the interactions around the argumentation event, the resources, tools
and design of the learning environment, and assessment strategies to inform argumentation
instruction, and improve science pedagogy overall.
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CHAPTER 2
EXPLORING POWER DISTRIBUTION AND ITS INFLUENCE ON THE PROCESS OF
ARGUMENTATION IN A POGIL BIOCHEMISTRY CLASSROOM

Abstract
There has been a recent effort to emphasize scientific practices, such as argumentation, in
addition to science content in post-secondary education. This exploratory case study considers
how students in an undergraduate biochemistry class engaged in the process of argumentation
within an Inquiry-oriented learning environment to investigate a chemical mechanism in a
particular part of the TriCarboxylic Acid (TCA) cycle. Audio/video recordings of student groups
during the mechanism discussion were coded and analyzed in a coordinated fashion using three
coding frameworks. The first examined students pattern of argumentation using Toulmin’s
Argumentation Pattern (TAP) model, the second framework coded the interactions for discursive
moves using the Inquiry-Oriented Discursive Moves (IODM) framework and the final analysis
phase utilized turn-at-talk counts as a framework in order to explore how power and authority
shift between and among participants in the classroom. This research found that argumentation
is supported by structures that provide opportunities for discussion, claims and rebuttals but that
the instructor, acting in nuanced ways through expressions of discursive moves, can also
promote or inhibit the argumentative process. By examining how the whole class discourse
created opportunities for the negotiation of ideas, we provide suggestions for pedagogical moves
in inquiry-oriented classrooms.
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Introduction
National needs around workforce demands have changed and employers increasingly
seek job applicants who are strong in oral communication, teamwork-collaboration, critical
thinking and problem-solving skills but find that there is dearth of these socio-scientific skills in
the hiring market (Jerald, 2009, p. 47). This is resonant in the NRC (2010) report, Exploring the
Intersection of Science Education and 21st-Century Skills, which cites five skill sets important for
college and career in the 21st Century. These skills include: “adaptability, complex
communications, non-routine problem solving, self-management, and systems thinking” (NRC,
2010; Bybee, 2013). Guidelines for STEM courses emphasized professional socio-scientific
skills such as problem solving, learning how to access and utilize science literature, collaborating
with other students, and engaging in oral and written communication (ACS, 2008; McCoy et al.,
2013; University of Wisconsin-Madison, 2013). One cross-cutting socio-scientific skill is
argumentation, which is the process of supporting or refuting a conclusion using evidence and
theory (Suppe, 1998). Argumentation is central to science practice (Osborne et al., 2004a) and
leads to increases in problem solving and critical thinking when supported in the classroom
(Case, 2005; Willingham, 2007). The activity of engaging in argumentation deepens content
acquisition (Jiménez-Aleixandre et al., 2000; Jiménez-Aleixandre & Pereiro-Munhoz, 2002) and
help students become increasingly literate in science and able to access scientific ideas and
language.
This has post-graduate implications for job seekers, particularly in the Science,
Technology, Engineering and Mathematics (STEM) field. One of the recommendations by the
President’s Council of Advisors on Science and Technology (PCAST) is for STEM courses to
adopt evidence-based teaching and learning practices (PCAST, 2012a). This includes changes to
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the course structure, learning environment, curriculum, and learning objectives, and increasing
opportunities for research.
In response, innovative learning environments have emerged that include problem-based
learning (Deek et al., 1998; Harmon et al., 2002; Maskell, 1999), peer-led team learning
(Horwitz & Rodgers, 2009, Haller et al., 2000), modeling (Hestenes, 2010), and process-oriented
guided inquiry learning (POGILs) (Farrell et al., 1999). In several of these studies, researchers
were surprised to find that gains have been either equal to or minimal to classrooms that employ
traditional forms of teaching (Seymour et al., 2000; Smits et al., 2002; NRC, 2014). These
researchers have noted, however, that gains may have been applied to other non-content/nonacademic areas such as disposition towards science, communication, and collaboration skills but
each study did not examine this due to scope and time constraints.
This case study seeks to explore argumentation in the inquiry-oriented classroom by
examining the discourse move sequences that exist in small group discussions in a biochemistry
Process-Oriented Guided Inquiry learning (POGIL) activity. This case study is part of a larger
study that investigates how to support high quality argumentation can be supported when
teaching biochemistry in a POGIL based classroom. The POGIL activity asked students to
discuss a chemical mechanism in a particular part of the TriCarboxylic Acid (TCA) cycle (also
known as the Citric Acid Cycle or the Krebs Cycle). The power dynamics that exist in the
interactive process of argumentation and the discourse patterns that guide and facilitate
argumentation are investigated. Specifically, we explore the utility of implementing TAP, IODM
and turn-at-talk analysis frameworks in a coordinated fashion to ask:
1. What classroom and interaction structures guide and sustain argumentation (using
Toulmin’s argumentation pattern analysis) to teach and learn chemistry concepts?
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2. How is power and authority of knowledge negotiated among participants engaged in the
verbalized argumentation cycle?

Theoretical Framework
This chapter explores how participants, acting in nuanced ways through the expression of
discursive moves, can influence power dynamics and negotiation of authority to inhibit or
support the process of argumentation. In this study, argumentation in an undergraduate seniorlevel biochemistry course that utilizes inquiry-oriented activities in the form of process-oriented,
guided-inquiry learning (POGIL). In this type of inquiry-oriented (dialogic) classroom examined
in this study, opportunities for engaging in argumentation are abundant given that this skill
burgeons in classrooms with high levels of student-student dialogue around social and scientific
phenomenon (Alexopoulou and Driver, 1997; Kuhn et al., 1997; Zohar & Nemet, 2002; Osborne
et al. 2004). With the dialogic nature of this skill in mind, this study employs a sociocultural and
sociohistorical lens to examine the structures of argumentation in this study.
Sociocultural Theory
Sociocultural theory posits that students and teachers construct knowledge as they engage
in teaching and learning together in the classroom (Cole, 1985; Lave, 1991). As such, science is
viewed as a critical form of sociocultural enactment, with contexts (educational or general
understanding) formed through interactive human activities (Cobb, 1994; Tobin, 2006).
Participants access classroom and institutional structures to enact agency to achieve community
goals, which can be in the form of learning goals (Tobin & Roth, 2006; Stetsenko, 2008). These
goals are determined by cultural boundaries, which are abstractions of shared practice and values
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that help to form a community (Stetsenko, 2008). From this theoretical perspective, boundaries
emerge and dissolve in a continuous process as individuals influence the environment and as the
environment influences the individual (Bourdieu, 1993; Sewell, 1992). These action-reaction
processes between individual and environment are bound up in and surrounded by the culture in
which it emerges in a moment in time (Tobin & Roth, 2006). This includes the classroom and all
participants, the rules and norms of the university, the city, the state, and the national and
universal culture that influences and is influenced by each individual. Science classrooms,
therefore, are consistently and constantly negotiated sites of integrated and institutionalized
cultural practices.
Embedded in each science classroom, such as the biochemistry class examined here, are
structures, tools and resources. These include the curriculum, learning environment (classroom,
recitation or tutoring sessions), books, grading practices, rules, and the stakeholders. Participants
access these structures, tools and resources and enter, exist and exit the environment. Therefore,
a structure, such as the learning environment, is situated, co-constructed and is continuously
shaped by participants as they access structures, tools and resources (Stetsenko, 2008). For
example, the teacher may intend for a specific activity but realizes, through the class discussion,
that students need support in a prerequisite skill to be successful so the teacher constructs an
alternative lesson.
However, because sociocultural theory emphasizes the aspect of agency, structures, tools
and resources are simultaneously empowering and inhibiting (Foucault, 1994; Tobin & Roth,
2006). The students who have the agency to access resources in socially acceptable ways are
successful, while others are not (Lave & Wenger, 1991). For example, students who were able to
correctly complete a challenging homework and are verbally praised for it by the teacher gain a

21
favorable perception in the class, thereby increasing their social capital and status in the minds of
others.
Social power, a component of the relationship between groups, persons or classes, is
therefore, manifested through sociocultural enactment and interaction (Foucault, 1994; Felluga,
2011). Given that argumentation is dialogic (interactive) in nature (Kuhn et al., 1997, Osborne et
al., 2004) it becomes a resource and structure that students can access to negotiate the power and
knowledge structures and cultural practices of the learning environment.
Sociohistorical Theory
From a sociohistorical perspective (Vygotsky, 1978), argumentation is a historical
enactment of collective and individual agency that is an outcome of local, city, state and global
outcomes. For example, inherent in what is considered school practices are specific forms of
academic discourse. In science, this emerges as particular language (words), behavior (practices)
or understanding (knowledge) of what school science is according to the current institutionalized
interpretations of the science field.
Accessed as a tool, participants use language to enter (and inherently feel shut out from) a
class discussion. As a structure, language, particularly academic language, can be considered a
product of power, which is exchanged between and among individuals that have attained the
prerequisite acquisitions, or a process of power, where language is marginalized and
homogenized (Bloome et al., 2004). In the first model—power as product—science language
skills and science literacy in general, such as performing laboratory procedures effectively or
using scientific vocabulary in a class discussion, are exchanged for cultural, economic or
symbolic capital. Those who cannot participate in these exchanges are viewed as powerless—
deemed to be scientifically illiterate. In the second model—power as process—science language
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is a “structuration of interpersonal relations, events, institutions, and ideologies” (Bloome et al.,
2004, p. 162). With each interaction in every moment in time, participants use language (verbal
or gestural) as a catalyst to learn science concepts and simultaneously restructure their identity
and symbolic capital (Wenger, 1998).
This restructuring is derived from the consistent negotiation of social power within the
relationships between people (Lave & Wenger, 1991; Foucault, 1994). One party accesses the
resources that enable social power, such as authority, position, wealth, knowledge etc. These
resources are socially valued where the one in power has control over the cognitive situation of
the one without and therefore power is a mental activity that exists in the ‘minds’ of individuals
(van Dijk, 1989b). For example, students follow the teacher-determined rules in a class. This is
possible because the students view the teacher as an authority figure and the teacher controls the
wishes, desires and outcomes of the students (grades, rewards etc.). The students choose to
accept the teacher’s requests based on this mental justification of the teacher’s power. At the
same time, this also provides opportunities for expression of freedom and acts of resistance.
Within undergraduate science classrooms, therefore, science is a cultural enactment (a shared
abstraction) where language is objectified (Street and Street, 1991) and a historical enactment
where power models are embodied (Bloome at al., 2004).

Process-Oriented Guided Inquiry Learning (POGIL)
The classroom environment explored in this study uses POGIL activities that naturally
provide a dialogic environment, which is a necessary structure for fostering argumentation and
improving its quality. While POGIL environments have had considerable examination (Hanson
& Wolfskill, 2000; Farrell et al., 1999; POGIL, 2005), the research has been for the most part
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limited to content acquisition and to an extent student disposition towards science, but there have
been few recent studies (Becker et al., 2013; Daubenmire et al., 2015; Katalunga et al., 2014;
Moon et al., 2016) that have explored how the POGIL environment supports the socio-scientific
skill of argumentation. Students in the POGIL environment work in groups to explore and
investigate a concept or solve a problem. POGIL activities are structured in a way that students
have to justify and argue their reasoning. Students who work in groups have to justify their
understanding to their group members before moving on to other questions (Spencer et al.,
2004). Periodic reporting is also embedded in the activity structure and students have to present
their consensual group response to the whole class (Spencer et al., 2004). This allows for
multiple occasions to engage in negotiation of perspectives. The course instructor supplements
background conceptual information when and as needed and most of the instructional time is
used to circulate among the groups, ask questions, assess for understanding and guide
collaborative work.

Context & Participants
The setting for this study is a senior-level biochemistry classroom at a mid-size
comprehensive university in a suburban area in the northeast section United States. The
instructor was intentionally selected because of his use of inquiry-oriented activities to teach
biochemistry. The course was taught using the previously described POGIL instructional
approach (Spencer et al., 2004). Nine female and one male student were enrolled in the course.
The ten students were in their last semester in their senior year at the university. They were all
registered undergraduate chemistry majors, with one student pursuing a major in secondary
science education with the intention of becoming a high school chemistry teacher. The other nine

24
students had indicated that they wanted to pursue post-graduate work in the science field, with
some students planning on entering the medical field.
The course met for 50 minutes, 3 days per week. The class sessions were divided into
lecture, recitation and laboratory. The ten students occupied three out of the six tables around the
class as they were assigned to three groups, which remained consistent for all the lessons
throughout the course and for the event described in this study (see Figure 1 for a visual
representation of the class arrangement). The instructor arranged to have six mini-‘whiteboards’
mounted on the walls around the class. Each group was assigned a board so that they were free to
display their thinking and examine the responses of other groups as well. Students typically spent
a majority of the class time (one third to one half) working in their small groups, while the rest of
the class time was spent in whole class discussions. The researcher observed the class and met
with the instructor once per week. Typically, the researcher would videotape the class, write
down observation notes and then meet with the instructor to debrief about the notes or any major
events during the lesson. During this time, notes about the debrief session were also written
down.
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Figure 1. Classroom arrangement

Description of the Event (Discussion of a biochemical mechanism in the TCA cycle)
The event investigated in this study occurred in the sixth week of a 14-week course. The
event involved three groups of students sitting at three round tables near each other in the class
(see Table 1 for seating chart). For this event nine students were present and one was absent from
class. Across all the video recordings and class lessons the same students were seated at tables A,
B and C, respectively. They had access to the four boards nearest to them (Boards 1, 2, 3 and 4).
The instructor has his own whiteboard in the front of the class and would use it to display the
problem question or write out summary statements during the whole class discussion. Students
were also free to walk over to other groups and examine their work or ask questions. This
arrangement is consistent for all lessons.
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Table 1
Student seating arrangement

Student Name

Table #

Amari, Linda & Eleanor (not verbal in the event)

A

Filippa, Kimmy & Emma (not verbal in the event)

B

Kelly, Elijah & Aria (not verbal in the event)

C

Data collection
Though classes met three times per week only the lecture sessions were video-taped.
Debriefing sessions with the course instructor were held immediately after the lecture and notes
from the sessions were captured in the researcher’s journal. Along with the video, a voicerecording device was placed with different groups during the session to capture student
discussions. One event captured the interest of the research team and the instructor. The event
depicted several students discussing a biochemical mechanism involved in the TCA cycle with
minimal interruption from the instructor. From the transcript of the event (for the entire transcript
of the event see Appendices), it is revealed that one student asked other students to discuss their
thinking out loud (line 6). Another student turned to a third student regarding a possible solution
to the problem (line 7) while a fourth student voices her claim (line 8) and the discussion begins
(line 9). The event transpires for approximately 7 minutes.
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The selection of data for this paper examines both audio and video captured from the
student-student discussion of the TCA cycle. Table 3 represents the transcript of the event, and
the subsequent Inquiry-Oriented Discursive Moves and TAP codes, which were coded by two
independent coders. The 7-minute event was sectioned into 6 interaction sequences, as illustrated
in Table 2, to allow for small-pattern recognition within the large transcript. Bloome et al. (2004)
finds that “to create a description of power relation in the lesson as a whole, it may be necessary
to analyze each phase of the lesson in depth” (pg. 172). Sequences were determined by the
utterance of a rebuttal (TAP codes) or the development of a new argument with a new claim.
From a content perspective, the whole transcript revealed the emergence of two arguments as a
response to the instructor posed prompt and participants negotiated power and knowledge to
align with either one.
Table 2
Sequences in Event Transcript
Sequence 1 (Turn 6-23)

Sequence 4 (Turn 48-59)

Sequence 2 (Turn 24-31)

Sequence 5 (Turn 64-79)

Sequence 3 (Turn 32-47)

Sequence 6 (Turn 80-97)

For this event, the students were asked to develop the pathway of chemical equations of a
sequence in the TCA cycle and were given only the initial reactant (citrate) and the final product
(malate dehydrogenase). From a student’s notes: Students were asked to “Describe the steps and
reagents to get from the compound A (citrate) to the compound B (malate dehydrogenase).”
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Figure 2. Student notes of the activity

Methodology
Coding Frameworks
Two analytical coding frameworks were utilized in a coordinated fashion to analyze the
transcripts generated from the student-student and student-instructor interactions in
argumentation discussion on the appropriate pathway for a mechanism in the TCA cycle.

Toulmin Argumentation Pattern (TAP) Codes.
Toulmin’s Argumentation Pattern (TAP) (Toulmin, 1958; 1969) coding framework was
used to examine the argument structure and content knowledge of actors in an event. Figure 3
illustrates an organizational chart of Toulmin’s Argumentation Pattern (TAP). The foundation of
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all arguments, according to TAP, is the utterance of a claim, the reasoning (warrant) that justifies
or rejects the claim and the evidence that supports the reasoning (Osbourne et al., 2016).

Figure 3. Toulmin’s 1969 Argumentation Framework

The TAP codes (Figure 4) are claim (c), grounds/reasoning/evidence (g), warrants/criteria
(w), rebuttals/counterarguments (r), qualifiers (q), and backing/support (b). The TAP codes
claim, evidence, warrants, rebuttals, qualifiers and support were consistently used throughout the
coding process by all coders.

Code

Definition

Claim

The position or claim being argued for; the conclusion of the argument

Grounds

Supporting evidence that bolster the claim

Warrant

The principle, provision or chain of reasoning that connects the
grounds/evidence to the claim
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Backing

Support, justification, reasons to back up the warrant

Rebuttal

Exceptions to the claim; description and rebuttal of counter-examples and
counter-arguments

Qualification Specification of limits to claim, warrant and backing. The degree of
conditionality asserted
Figure 4. TAP Definitions
Inquiry-Oriented Discursive Moves (IODM).
The IODM framework reveals patterns that depart from traditional forms of teacherstudent discursive interactions patterns, such as Initiate-Respond-Evaluate, and are more aligned
to the inquiry-driven classroom settings. Rasmussen’s framework (2006) for IODM, borrowed
here, is comprised of four main codes—Revoicing, Questioning/Requesting, Telling, and
Managing. The complete IODM coding framework is comprised of 4 parent codes and 23 child
codes for a total of 27 codes. However, as the transcript was reviewed, the coders unanimously
agreed that some utterances where one student listened to the statement of another and reflected
their agreement through the use of “yes”, “oh yeah” and “I agree” were relevant to this study,
because of the focus on power dynamics, but were not visible in the coding framework. These
utterances revealed the structure of the argument and including them in the methodological and
analytical phase gave the researchers a deeper insight about the power negotiation among
participants. The coders created an additional child code R5: Revoicing by Agreeing (Figure 5).
The coders believed that revoicing was the appropriate category because it was a re-utterance of
the idea, in that the participant was supporting the idea of another. The coders considered that
these kinds of verbal expressions were structuring expressions. For example, if a student
responds to an instructor’s question and the instructor verbalizes her approval of the statement,
through the use of “I agree with you”, this acts as a clue to the other students that the instructor
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values the student’s idea. Given that teaching and learning is a collaborative effort (Cole, 1985;
Lave, 1991; Comford, 2016), this approval has profound implications on the classroom
environment. Therefore, in this study, there are twenty-eight total (parent and child) codes
instead of the twenty-seven in the original framework. A comprehensive definition of each of the
28 discursive moves that were employed in coding the event transcript is illustrated in Figure 5.
Whitacre and Nickerson’s (2009) methodology of implementing IODM codes (Figure 5)
to analyze the dialogue expressed in the interaction between actors is grounded in the notion that
“learning is an inherently social process and that the way in which learners encounter subject
matter affects what they learn” (pg. 3). IODM has been utilized to explore teacher and student
dialogue and the interaction patterns that mediate content understanding (Kwon et al., 2005;
Rasmussen et al., 2009; Whitacre and Nickerson, 2009). According to Krussel et al. (2004), a
discursive move is a deliberate action taken by a teacher [or student] to participate in or influence
the discourse of the [science] classroom. From a sociocultural perspective, interactions with the
environment structures and shapes/re-shapes student interactions with each other and with the
instructor. Interaction patterns are important in mediating content understanding, particularly in
an inquiry school science classroom.

PARENT CODES
R: Re-voicing:
Re-uttering of
someone else’s
utterances

Q: Questioning/
Requesting:
Checking for
understanding,
requesting to explain
thinking, requesting to
justify thinking etc.

T: Telling: Stating
information or
demonstrating
procedures

M: Managing:
Stating a specific
behavior that the
teacher wants
students to perform

32
CHILD CODES
R1: Repeating:
Repeats a student’s
utterance using
essentially the
same words or
portion thereof

Q1: Evaluating:
Check for
understanding against
what the teacher sees
as an expected
response

T1: Initiating: Teacher
describes a new concept,
directs students to a new
problem, or reminds
students of previous
conclusions

M1: Arranging:
Tells a student to
carry out an action

R2: Rephrasing:
States a student’s
utterance in a new
or different way

Q2: Clarifying: To
seek clarification of
detail (for the teacher
or for others)
regarding what a
student is saying

T2: Facilitating:
Provides information to
students in the midst of
a task

M2: Directing:
Tells a student to
carry out a
particular
[scientific] action

R3: Expanding:
Adds information
to a student’s
utterance

Q3: Explaining:
Share ideas, however
tentative

T3: Responding:
Answers a question or
evaluates a student’s
response

M3: Motivating:
Provides
encouragement or
motivation for
students

R4: Reporting:
Attributes an idea,
claim, or argument
to a specific
student

Q4: Justifying:
Provide warrants or
backing for some
conclusion

T4: Summarizing:
Summarizes (selected)
ideas, highlights
particular [concepts] of
importance, and/or
points to next steps
related to the summary

M4: Checking:
Check on current
status of student
progress

R5: Agreeing/
Supporting:
States solidarity
with the idea or
statement of
another student
Figure 5. Codes from the Inquiry Oriented Discursive Moves (IODM) framework adopted from
Whitacre and Nickerson’s (2009) including *R5
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Analysis of the Transcript
First, the transcript of the event and the length imprint for each utterance was generated.
The length imprint for each utterance was defined as the starting and ending point of an
individual’s verbal expression. For example, if Individual 1 started speaking and continued for 4
words but was then interrupted by Individual 2 the length imprint for Individual 1 would only
count the start and end times of those four words. This would also simultaneously be considered
turn 1. Continuing in this manner, the time and turn of the next speaker (in this case turn 2)
would be recorded. After the transcript was produced, two researchers coded it using Toulmin’s
codes for argumentation (TAP). For the purpose of inter-rater reliability one of the coders was
not involved in the research project, but was familiar with the TAP and IODM codes.
The transcript was analyzed in three phases (see Figure 6). The first phase consisted of
examining the counts and type of themes that emerged for the TAP framework (Figure 3 and 4).
In the second phase the transcript was coded using the IODM framework (Figure 5). Finally, in
the conclusive phase the researchers cross-related themes from both frameworks against each
other and through the use of turn-at-talk counts to examine the relationship between the themes
in each framework. Turn-at-talk is used as a basic unit of conversational analysis (Bloome et al.,
2004). In this study turn-at-talk is a basic unit of each sequence in the event. The structure of the
turn-at-talk unit include who is producing the turn, when is the turned produced, the content of
the utterances in the turn, as well as the words and types of utterances. We use turn-at-talk
interpretatively taking into consideration the relationship among each turn and their relationship
to the context of the unfolding participation that helps to structure the discursive events
(Erickson, 2004).
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The purpose for cross-relating the coding frameworks was to understand how power is
negotiated and distributed in the argumentation process given that limited insights are gained
when TAP and IODM are used as independent tools to examine social phenomena, including
power dynamics, that contribute to the quality of discussions in the argumentation process. For
example, the findings from TAP allude to the content knowledge and language fluency of each
of the participants in the event by closely examining the content and the structure of the
argument. Through the lens of the IODM framework, the participants’ discourse moves—entry
points, use of academic language to acquire talk time and turns, use of turns to gain power etc.—
are highlighted. Additionally, turn-at-talk is a methodological framework that examines how
power and authority is distributed and negotiated through unfolding of sequential events over
time and turn counts for each participant. The frameworks, when used complementary, provide a
broader perspective that help meets the goals of this study.

Figure 6. Methodological Framework
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Data Tabulations
Table 3 represents frequency counts of TAP codes for each sequence. It illustrates that
claims and backing expressions increased as the event unfolds from sequence 1 to 5. For
example, there are four claims and seven backing codes but no other expressions in Sequence 1.
In contrast to Sequence 1, ten claim and ten backing counts are identified in sequence 5.
Additionally, other high leverage TAP codes such as warrants, rebuttals and qualifiers are also
expressed as the time of the event progresses. Finally, we see that there is a dip in the frequency
counts for all the codes in sequence 6 which is an expected outcome given that the event is
coming to an end and students have selected one argument over the other as revealed by the
transcript.
Table 3
TAP counts for each sequence
TAP

Claim Grounds Warrant Backing Rebuttal Qualifier

Sequence 1 (T0) 4

0

0

7

0

0

Sequence 2

3

0

3

2

1

0

Sequence 3

2

4

0

2

3

0

Sequence 4

5

1

2

1

3

0

Sequence 5

10

2

5

10

2

1

Sequence 6 (Tf)

2

0

1

3

2

1

All sequences

26

7

11

25

11

2
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Table 4 highlights the IODM parent code frequency counts for each sequence. R, Q, T
and M represent Revoicing, Questioning, Telling and Managing respectively. As illustrated in
Table 4 there are fourteen revoicing, three questioning, seven telling, and two managing counts
in sequence 1.
Table 4
IODM counts for each sequence

Table 5 illustrates the frequencies of TAP and IODM codes that were counted for each
participant that stated an utterance, as well as their turn-at-talk counts. Six out of nine students
who were present in the class stated utterances during the event. The table illustrates the counts
for these six participants and the instructor. The small cap letters c, g, w, b, r, and q in the TAP
column represent TAP Codes claims, grounds, warrant, backing, rebuttal, and qualifier. The
capitalized letters R, Q, T and M in the IODM column represent the IODM codes revoicing,
questioning, telling and managing. These are the parent IODM code representations only. The
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utilization of capitalization and lower caps is used to differentiate the two coding schemes given
that the letter r is expressed in both (rebuttal in TAP and revoicing in IODM respectively). The
code sequence for each participant was determined by examining the highest frequency counts
across both coding frameworks. For example, Amari’s coding sequence is T-b-c-R-w because
her frequency counts are highest for T (first at 15 counts), then b (at 9), then c (8 counts) etc.

Table 5
TAP, Turn-at-talk and IODM counts for each participant
Participant name

# of turns

IODM

Kelly

14

R = 11

T=2

c=3

b= 5

Q=0

M=0

g=2

r=1

w= 0

q=0

Kimmy

Filippa

Daniel (instructor)

Linda

9

10

12

29

TAP

Code sequence

R=6

T=1

c=2

b=1

Q=1

M=1

g=0

r=0

w= 2

q=0

R=8

T=3

c=2

b=3

Q =2

M=0

g=1

r=2

w= 0

q=0

R=2

T=8

c=1

b=0

Q=3

M=3

g=0

r=1

w= 0

q=0

R = 14

T=7

c=7

b=3

Q=7

M=2

g=1

r=3

w= 2

q=0

R-b-c

R

R-b-T

T-M-Q

R-(Q-T)-c-b-r
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Amari

Elijah

18

3

R=7

T = 15

c=8

b=9

Q=1

M=0

g=2

r=2

w= 5

q=1

R=1

T=1

c=3

b=1

Q=1

M=0

g=0

r=0

w= 1

q=0

T-b-c-R-w

c

Table 5 also illustrates those participants with the highest turn at talk counts. In this case,
several participants had high counts and Linda and Amari had the highest overall. Additionally,
according to Table 5, Amari has high backing, claim and warrant TAP counts while Linda has
high revoicing counts in the IODM column, which is also high for Kelly, and Amari has high
revoicing and telling counts. The examination reveals that revoicing is a popular expression
among all the participants.

Results
Quality of Argumentation
This argumentation event (sequences 1-6) was structured by two main competing ideas in
response to figuring out an appropriate mechanism on how to convert molecule A to molecule B.
The large expression of the TAP codes provided evidence that participants in the event produced
exchanges that were consistent with argumentation. For example, Amari presents an alternate
solution in line 35 (in transcript in the Appendices) when she says, “Yeah Br2 is a radical right
that’s how I learned it. It’s Br2 over light”, which Linda believes directly opposes her proposed
solution of a base mechanism that she expressed earlier in the discussion. The students are given
time and the opportunity to support or refute either of these competing ideas and in doing so they
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produce evidence of several high leverage argumentation skills such as rebuttals, warrants and
support/backing (Simon et al. 2006). The direct relationship between time and the increased
emergence of high-leverage codes expressed supports several studies on argumentation that
suggest that it is sustained by opportunities where multiple perspectives are presented
(Alexopoulou and Driver, 1997; Zohar & Nemet, 2002; Kuhn et al., 1997).
A closer examination of the TAP counts, however, reveal that, while they were
expressed, the low frequency of grounds, rebuttals and qualifiers is an indication that the quality
of argumentation is not high (Simon et al., 2006). However, within the transcript other
foundational argumentative tasks such as backing, warrants and claims, which strengthen
learning outcomes (Toulmin, 1958) were present at moderate counts, with counts of 26 for
claims, 25 for backing, and 11 for warrants (Table 3). This suggests that the students had
fundamental argumentation skills, that needed to be supported further in order to raise the quality
of the argumentation event (Simon et al., 2006). This would require a bridge activity or
pedagogical strategy (see discussion and implication sections) to move students from the first
level—the foundational level of using claims, evidence and reasoning—to higher levels of
inserting rebuttals and qualifiers (Simon et al., 2006).
The high counts of claims and warrants provide further evidence that the students are in
the argumentation process (Toulmin, 1958), though the low level of grounds question the
foundation of reasoning that the students are using to engage in the discussion. Examination of
the transcript reveals that some of these grounds are based on prior knowledge from a previous
organic chemistry course. For example, as Amari states in line 64 “Well it’s not Br2 over NaOH
because when I did it with Vanica [organic professor], it was NaOH by itself or Br2 over light”.
Since the activity asked the students to depend on some of their prior knowledge this comes as
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no surprise. However, how are the students accepting these statements as strong grounds given
that they are not based on any strong conceptual, analytical or empirical warrants (Sampson and
Blanchard, 2012)? Why are some students choosing to accept Amari’s perspective, as seen in
lines 65, 68 and 79 where Kimmy, Elijah and Kelly all express their agreement? Using TAP,
IODM and turn-at-talk analyses in a coordinated fashion to examine power dynamics help to
reveal a possible answer as to why this is happening.

Power Distribution
The patterns of power dynamics in a student-centered inquiry event are not solely based
on content or turns-at-talk. Power is distributed through the synchronization of IODM codes
between participants, particularly when participants (students) mimic the discursive moves of the
institute-driven authority figure. While it is generally known that individuals who mirror others,
particularly those in power, gain favor and power themselves (Mintz, 1985; Talley and Temple,
2015) much of the research has been dedicated to non-verbal gestures and body language
specifically (Lacoboni, 2008; Word et. al., 1974). This study examines how language expressed
through discursive moves is a structuring agent in power distribution. For example, linking the
findings from the TAP analysis results (Table 3) with the IODM analysis results (Table 4)
provide possible evidence for why students are quick to accept grounds that are not supported by
strong conceptual, analytical or empirical reasoning. Cross-relating the TAP and IODM coding
schemes revealed the code-sequence for each participant involved in the event (Table 5). The
overall sequence structure highlights that T, the code for telling, is a possible driver in this
argumentation event. We make this analysis keeping in mind that the sequence is embedded in
the sixth class of the semester where there might have been influences from prior established
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power dynamics. However, whether T is an outcome or a cause of previously established power
dynamics or the course learning activities, it is possible that discursive moves, such as the T code
and the R code, are structural drivers of the argumentation process. Table 5 illustrates that, of the
participants in the classroom, only three exhibited this code at high counts (Daniel the
instructor), Linda and Amari, and to a smaller degree Filippa), as indicated by their sequence.
The students who expressed the T code also had larger number of turns-at-talk, signifying to
some degree, control of the power dynamic among students (Zimmerman and West, 1975). The
pertinent finding, however, is that the two students, Amari and Linda, exhibited discursive
moves that were similar to the classroom instructor Daniel, who is inherently viewed as the
authority figure based on mental power models of rank, status, expertise etc. (van Dijk,
1989b). An examination of the code sequence and the content of the turn-at-talk sequence for
the three students with the highest turn counts—Amari, Linda and Kelly—give a clue as to why
other students in the class supported Amari’s solution even though her grounds were weak.

Table 6
Code sequence for participants with the highest turn-at-talk (selected from Table 5)
Name of Participant

Number of Turns

Code sequence (From table 6): Includes
TAP & IODM codes

Linda

29

R-Q-T-c-b-r

Amari

18

T-b-c-R-w

Kelly

14

R-b-c

Instructor (Daniel)

12

T-M-Q
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Though Amari has a lower number of turn-at-talk than Linda, she has high counts of T
(starting with her first expression in her sequence) as opposed to Linda who also has high T
counts but mostly expresses R. Amari’s first expression is similar to Daniel (the instructor). The
other clue as to why Amari is supported lies in the content of her statement. As noted in Table 7,
in line 64 she refers to her organic chemistry course, and a particular concept she learned. She
garners support from other students. Here, however, who is giving the support is vital. While the
very next utterance (line 65) supports Amari the discussion needs the backing of another student
because Amari responds to Linda and not to Kimmy.
Table 7
Lines 64-69 of student exchanges in transcript
64

Amari: Well it’s not Br2 over NaOH because when I did it with Vanica [organic
professor], it was NaOH by itself or Br2 over light

65

Kimmy: Yeah I remember Br2 over light

66

Linda: Okay, if you add Br2 over light then Br2 gets added to the single bonds

67

Amari: No it doesn’t. It pulls off

68

Elijah: It goes through free radicals reaction

69

Amari: Yeah it’s a radical reaction but it ends up pulling off

Kimmy, the speaker in line 65, is not viewed as having significant social and symbolic
capital. The evidence of this is revealed in Table 6 which illustrates that Kimmy uttered a few
TAP expressions, particularly claims and warrants, indicating that she was involved in the
argumentation process (Toulmin, 1958). Nevertheless, she exhibited very few discursive moves
with her dominant move being revoicing (R). Given that R is a popular entry point for all
students in this event, this attempt reveals that Kimmy was trying to engage with her peers by
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using the process of argumentation to gain social capital. Her activity emphasizes the process as
power model (as seen in the turn-at-talk analysis), where she expresses specific discursive moves
(as seen in IODM analysis) to engage with her peers in an attempt to enter the discussion but
because she does not use academic language to make strong claims, use grounds or warrants, nor
exhibit substantial conceptual knowledge (as seen in TAP analysis), she is not able to increase
her level of capital or value among her peers. It is evident that the class embraces and rewards
the product as power model (Bloome et al., 2004), and in particular the use of academic
language or science concepts as products.
An additional interesting pattern is that Kelly, who does not exhibit the T code in her
discourse pattern but also has a high turn-at-talk (14 counts), is not regarded as a participant that
is negotiating power. In the whole event Kelly is rarely directly addressed and it seems that the
discursive move T emerges as a critical lever in distributing power to Amari and Linda. This
supports Bloome’s (2004) suggestion that turn-at-talk is not a consistent or holistic indicator of
who has the power and how power is distributed, and as researchers we must examine the
content and context of the talk and activity as well (Zimmerman and West, 1975; Bloome et al.,
2004). For example, in line 72 Amari takes the marker out of Kelly’s hand and begins with
“Because look.” She is addressing Linda who enters in during line 74 with a “Right.” The
discussion is between Amari and Linda during this sequence. In line 79, Kelly again enters the
discussion by looking at Linda and states, “I am going to agree with you.” However, in line 80
Linda responds instead with a “No,” but according to video evidence she is looking at Amari
even though Kelly was the preceding speaker. Among all the sequences, Kelly has multiple
turns-at-talk during sequence 1 and 3. Across these turns she engages in “backing” from the TAP
coding scheme and “requesting” from IODM, with no T counts. Though it appears that Linda,
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Amari and Filippa exhibit TAP code “backing” as well and as much as Kelly, they, in contrast,
also express large IODM T counts (with Filippa to a smaller degree than the other two
students).
Through the discourse analysis approach and the examination of talk, which acts as a
resource for negotiating multiple perspectives and inherently the exchange of social and
symbolic capital, reasoning is given meaning (Bloome et al., 2004). In this discursive attempt,
individual reasoning and its location moves from a student to a group consensus. In the event
examined in this paper, the introduction of the claim is produced by one student and structured
by others. Two arguments form and students align their loyalty to either claim. It appears that the
original claims in sequence 1 became the product of negotiation in which the process of
argumentation distributes turns, and in turn power, among participants. However, a closer
examination of the language used, in addition to the structure of the argument and the discursive
moves expressed, indicate that power distribution does not necessarily have a positive correlation
with turn-at-talk counts.
Power distribution is complex, interaction-contingent and local. It is dependent on the
context (situation or conditions) and the roles and identities that emerge in that context (van Dijk,
1989b). It is continuously contested, negotiated and compromised (Lips, 1991). For example, the
instructors’ (Daniel) interjections throughout the event, while not appearing to be clear
objections of the ideas presented, can be classified as telling, managing and questioning (or
requesting responses) under the IODM coding scheme. Daniel enters the discussion in line 47
(sequence 3), which is much later than the other participants, and he has only 12 turns-at-talk,
which is far less than Amari, Linda or Kelly yet his statements become structuring strategies for
students who use them as clues about the validity of the presented arguments because of his role
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as the instructor, which inherently implies expert, authority, and higher levels of rank and status
in the classroom. While argumentation is a resource of empowerment for students, allowing
them to bring forth their perspectives, the location of power continues to remain with the
instructor—the expert—in this event. The instructor acts as the expert in the field, bringing in the
knowledge and accepted values of the science community beyond the university. Though the
instructor has one of the lowest turn-of-talk counts in this discussion, he continues to exhibit his
influence with the participants. Daniel also has the highest managing (M) count and facilitates
the discussion throughout the transcript. He interjects with questions that have two purposes: 1)
The questions act as clues to students about what the instructor is looking for regarding an
appropriate response, and 2) Allows the instructor to maintain the pace of the discussion by
guiding students to alternate considerations when they appear stuck with a concept. Managing
lessons is a common instructor-dominated skill that reinforces the instructor’s authority.
Additional evidence that the location of knowledge continues to reside with the instructor
(despite the low turns) is Linda’s response when Daniel interjects. Particularly interesting are
turns 46-50 noted here in Table 8. Linda picks up a clue from Daniel and proclaims a rebuttal of
her own claim, without debating it with her peers first as she does when Amari presents a claim.
Table 8
Lines 46-50 of student-instructor interactions in transcript
46

L: But like the Br accepting as bases

47

D: So are the Br’s accepting as bases?

48

L: No. They can’t be acting as bases

49

D: I thought bases attract protons

46
50

L: The NaOH should be the base

Here she is quick to change her mind (line 48) after Daniel questions her in line 47 even
though she has supported this concept since line 22. She continues to believe that Daniel has
given her a clue that she might be wrong because in line 50 she stays with the concept that the Br
is not acting as the base. However, the overall findings suggest that power was distributed to an
extent—from instructor to students—in this inquiry-oriented classroom given that both Amari
and Linda emerged as content structuring agents.

Discussion & Implications
This paper has attempted to provide preliminary findings on the quality of argumentation
and the distribution of power in an inquiry-oriented undergraduate biochemistry classroom
setting. From a methodological standpoint, this work has contributed to the science education
community in several ways. First, this paper has merged and concurrently utilized two coding
frameworks to examine the complex process of argumentation. Currently, much of the work on
argumentation has focused on the process, done through the use of the TAP framework, which
was an extension of early investigations on the quality of argumentation that typically examined
the content of the argument. This study has extended that work by examining the social
phenomenon that contributes to the quality of discussions by exploring the discursive moves
employed and the power dynamics involved in the interactive process of argumentation. Other
implications suggest that there is a distribution of power from the instructor to students and
among students. While the findings add to the research on the quality of argumentation in
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learning environments, the results also highlight that argumentation can reduce the power gap
between educators and their students.
The findings from cross-relating the two coding schemes suggest that in order to support
high quality argumentation, particularly verbal discussions, instructors have to employ specific
high-leverage discursive moves in conjunction with TAP. For example, since warrants, claims
and backing are considered foundational components of argumentation events (Toulmin, 1958),
this data set found that instructors could support argumentation components if they engage in
effective managing, telling, and revoicing strategies (discursive moves) in their instruction.
Overall, the TAP expressions in the event examined in this paper had significant coding count
values with several discursive moves, most notably the telling code. Telling here goes beyond
the act of directly lecturing students and giving them notes. This code is comprised of initiating,
facilitating, responding and summarizing. These are more facilitation moves than direct
lecturing. To engage in telling, instructors have to respond to questions with prompts and probes,
remind students of previous learning or an overarching concept, and guide students through the
discussion with information or directives.
The other prominent discursive move was revoicing. Given that revoicing is a popular
entry point for all the students who participated in this event, science instructors can be mindful
of managing this expression by providing opportunities to allow all students to engage in
revoicing. Revoicing here includes: repeating, rephrasing, expanding and reporting. This
suggests that these moves may allow students to exhibit high frequencies of backing (TAP).
When managed (either by the instructor or other students) to expand their moves to telling
(initiating, facilitating, responding or summarizing) students can also express high-level TAP
moves of using rebuttals and qualifiers to justify their thinking. These rebuttals and qualifiers
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will require students to examine either empirical or conceptual data thereby increasing their
content understanding or their skill to think like a scientist.
Implications for Instruction
The findings suggest that argumentation structures and discursive moves, such as those
analyzed by the TAP and IODM frameworks, respectively, are mutually inclusive and should be
implemented and supported simultaneously in classroom discussions. Over time and with
multiple opportunities it may provide an avenue for students to increase these skills when
interacting with peers to produce high-quality argumentation. Given that argumentation must be
explicitly taught, instructors could utilize the suggested classroom activities to support students
in learning how to engage in the two high-leverage IODM components (revoicing and telling).
•

Provide structures for organizing arguments before verbalization: for example, to remind
students of previous learning and engage in telling, instructors could have students do an
on-demand quick write about a concept that they then use as a springboard or reference
point for the verbal small group and whole class discussion. To support revoicing the
instructor can share conceptual resources with students, such as academic vocabulary
sheets, pre-class sharing of the discussion question, or allow time for pre-reading, all of
which students can use to guide their thinking. We also suggest providing students with
an argument map (graphic organizer) so that they can visually organize the material (data
points, theories etc.,) for each of the argumentation components.

•

During the argumentation event, the instructor could facilitate the discussion with request
for evidence prompts and ask students to respond to each other. To support revoicing, we
suggest that instructors share Accountable Talk stems (Michaels et al., 2002; Resnick et
al., 2001) with students and promote the utilization of accountable talk during
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discussions. These stems include How did you arrive at that conclusion? Do you want to
add something new? [Call on student] Do you agree/disagree and why? or What I hear
you saying is…which ask students to present and extend their ideas and engage in a
framework that promotes a community of practice. To support telling, we suggest that
one student in each group is assigned the role of researcher or information expert. This
student will be responsible for T4: Summarizing. The instructor could also remind
students to connect to their pre-writing activity/argument map.
•

Model and share the criteria for a high-quality argument such as the expected use of
multiple data points, use of empirical evidence, and scientifically-grounded theoretical
reasoning.

Limitations & Future Direction
We do acknowledge that a limitation of this exploratory study is the analysis of one
argumentation event. In future work we plan to apply the integration of the suggested
frameworks to investigate the effectiveness of this approach across a larger body of
argumentation events to investigate how power structures influence high-quality argumentation.
Furthermore, as a suggested extension, this paper did not examine the warrants addressed
in this event, as it was not the focus of this study, though warrants are an important structure and
resource that students access throughout the argumentation process. Toulmin (1958) defines
warrants as the relationship between the claim and the evidence. Sampson and Blanchard (2012)
argue that there are three sets of criteria for warrants that science students rely on: empirical,
theoretical and analytical. Empirical rationale critiques the available evidence, its adequacy and
quality. Theoretical criteria are conceptual based and judge the “usefulness of the claim, its
adequacy, and how consistent the claim is with other theories, laws, or models in the field” (p.
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1123), and analytical reasoning utilizes the interpretation of data. In the argumentation process
science students access these sets of criteria (all or some) to enter and exit the discussion as they
co-construct conceptual understanding. By cross-examining the coding frameworks here with the
type of warrants utilized in the event in this paper, the science education community would be
able to gain a deeper understanding of the complex process of argumentation.
However, while we acknowledge that there are limitations, what is encouraging is that
some findings are consistent with other studies. As indicated in this event, instructors naturally
espouse the components of telling (and managing). This is reflected in several studies that
examine the pedagogical moves in traditional science classrooms (Mehan, 1979; Weiss et al.,
2001; Osborne et al., 2004) where the control of the curriculum, and the concept still lies with
the instructor. However, in this event several other students also expressed the same discursive
moves as the instructor suggesting a slight leveling of the power difference between instructor
and student. In this singular argumentative event other students were able to act “instructor-like”
for a moment in time, and if the instructor is viewed as a member of the scientific society at
large, then students are able to also act “scientist-like” and alter their science identity and
symbolic capital (Wenger, 1998). This constructivist approach increases their self-esteem and
attitude towards science (Cherif & Wideen, 1992; Etkina & Mestre, 2004). The findings are also
consistent with Becker et al.’s (2013) suggestion that explicit support and negotiation of social
and sociochemical norms, particularly those norms that are specific to the [biochemical] field
could benefit students. While some students had implicit understanding of how to state claims
and express rebuttals through questioning of the warrant and grounds, students could benefit
from explicit instruction and guidance about the norms regarding the process of argumentation.
Implementing and supporting argumentation through the use of pedagogical and discursive
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moves during classroom activities, can increase and sustain the success of newcomers to the
discipline. Focusing on distributing power among participants in argumentation activities can
help to challenge traditional and stereotyped notions of who can succeed in the science field and
thereby influence the goals, power structures, and equality within the culture of science.
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CHAPTER 3
ASSESSING AND EVALUATING THE PROCESS AND PRODUCT OF
ARGUMENTATION IN AN INQUIRY-ORIENTED BIOCHEMISTRY CLASSROOM

Introduction
This chapter is an extension of chapter 2: Assessing Power Distribution and the Process
of Argumentation in a POGIL Biochemistry classroom. In the previous chapter, Toulmin
Argumentation Pattern (TAP) codes (Toulmin, 1958; 1969) and Inquiry Oriented Discursive
Moves (IODM) codes (Whitacre and Nickerson, 2009; Rasmussen, Kwon and Marrongelle,
2009) were cross-coded and analyzed to highlight patterns in discursive moves that supported the
process of argumentation. The previous chapter examined power dynamics that emerged during
the process of argumentation through turn-at-talk analyses (Bloome et al., 2004). The findings
suggest that supporting argumentation, by asking students to structure their thinking and writing
using TAP components such as claims, grounds and warrants, needs to be in conjunction with
the effective use of specific discursive moves that drive argumentative discussions. When
students, over time, begin to utilize the same or similar discursive moves as the teacher, power
relations shift from teacher to student(s), which supports opportunities for multiple perspectives
to be shared and burgeons the dialectical process of argumentation overall (Alexopoulou and
Driver, 1997; Zohar & Nemet, 2002; Kuhn et al., 1997). To distribute power among students in
the class, as opposed to only a few students, we suggest that activities need to provide
opportunities for students to express specific discursive moves such as Revoicing and Telling.
For example, the IODM code telling was found to be a high leverage code in distributing power
among participants in the argumentation event studied in chapter 2. The teacher and students
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who expressed this code were able to structure and guide the discussion. By encouraging all
students in the class to express this code, either through small group discussions, presentations,
or through writing prompts, power models can shift from a power as product model—where
only a few students have access to the ideas and the academic vocabulary that is considered
important to the course—to a power as process model, where students begin to understand that
interpersonal relations, events, institutions, and ideologies structure their conceptual
understanding of science (Bloome et al., 2004). In this way, many students with multiple
perspectives can enter and sustain classroom discourse.
While the analysis in chapter 2 provided insight regarding how argumentation influences
power dynamics which in turn impacts the process of argumentation itself, the study was limited
in its focus, as it only examined the discourse and the interactive phenomenon for the
argumentative event explored in the case study. Instructors who are interested in supporting
argumentation and employ practical and influential pedagogical moves may often wonder if they
are on the right path. This chapter seeks to support instructors in that endeavor by providing an
assessment framework to examine the level of argument expressed by each participant and the
strength of the argument so that the quality of the discourse can be evaluated.

Research Objective & Overview
This goal of this exploratory case study is to provide practical guidance to support
chemistry instructors who use Process Oriented Guided Inquiry Learning (POGIL) inquiry
activities in the classroom to help foster argumentation. The context of study takes place a
senior-level undergraduate biochemistry course that utilizes POGIL as key instructional
activities. While POGIL environments have had considerable examination (Hanson and
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Wolfskill, 2000; Farrell et al., 1999, POGIL, 2005), the influence of this inquiry-oriented
learning environment on supporting student argumentation skills has been minimal. Accordingly,
this study seeks to assist chemistry instructors in understanding how the product and process of
argumentation can be evaluated and improved in classroom activities and assignments. It will
explore the level of the argument expressed verbally during a senior-level undergraduate
biochemistry classroom discussion about the TCA cycle in order to highlight the strength and
quality of the argument expressed by participants in the discussion. The analysis will use coding
frameworks derived from the literature on assessing argumentation resulting in a synthesized
assessment tool for instructors to utilize in assessing and supporting argumentation expressed in
verbal and written forms.
In this study we ask: How do the assessments of the quality of rebuttals and warrants
inform how the process and product of argumentation can be evaluated and improved?
To answer the research question, this paper will first describe the theoretical frameworks
that structured the design of the study, followed by an examination of the POGIL biochemistry
activity that supported argumentation, the context of the study, a description of the methodology
employed, and an exploration of the data sets, results and conclusions for assessing argumentation.
The methodology includes the application of Toulmin’s model as a coding scheme (Kuhn et al.,
1997) to analyze the elements of argumentation in the selected event followed by the analytical
framework highlighted by Simon, Erduran and Osborne (2006), labeled as Levels of
Argumentation framework here, for determining the quality of argumentation by evaluating the
use of claims, evidence, warrants, qualifiers, rebuttals and backings that each student in the event
expressed. To expand the analysis on the quality of argumentation this study also examined the
strength of the rebuttals in particular. After which this study utilized Furtak et al.’s (2010) Quality
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of Reasoning in Science Classroom Discourse framework which is aligned with Brown et al.’s
(2008) Using Evidence Framework to explore how reasoning or the use of warrants can be
assessed. Finally, this paper discusses the value of the assessment frameworks in supporting
argumentation in this inquiry-oriented learning environment.

Background on Argumentation
Argumentation is a skill that should be explicitly taught (Herrenkohl et al., 1999) within
an environment that fosters dyadic interaction. Encouraging argumentation necessitates that
students have opportunities to engage in discursive work and experience plural accounts of
epistemic perspectives and consider alternative theories (Alexopoulou & Driver, 1997; Zohar &
Nemet, 2002; Kuhn et al., 1997). Intentionally engaging students in appropriate activities that
support argumentation requires structured tasks, modeling and targeted instruction (Simon,
Erduran and Osborne, 2006). Given that argumentation is “fundamentally a dialogic event
carried out among two or more individuals” (Osborne et al., 2004, p. 997), a learning
environment that provides opportunities for students to engage in dialogic interactions is an
expected pre-requisite. The learning environment (including the type of activities implemented)
is a key lever in the emergence of structures that support argumentation (Osborne et al., 2004;
Weiss et al., 2001; Scott, 1998; Kuhn et al., 1997). This, however, requires that the instructor
employ a range of pedagogical strategies to support students in learning how to engage in
argumentation. These pedagogical moves include: a consideration of plural accounts of
phenomena, including misconceptions (Monk & Osborne, 1997; Driver, Newton & Osborne,
2000), increases in dyadic interaction (peer-peer interactions) (Kuhn, Shaw, & Felton, 1997), and
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instructional activities that promote student collaboration and problem solving (Eichinger et al.,
1991; Herrenkohl et al., 1998).

Process and Product of Argumentation
These studies on argumentation emphasize the importance of designing epistemological
and social activities that support both the process and product of argumentation. The product of
argumentation is the argument, where students use community-accepted abstractions of language
(for example, using specific biochemistry vocabulary) to state a claim and support it with their
empirical or conceptual rationale (Osborne et al., 2004a). When this product is deployed and
interacts with others in the community and is juxtaposed with other similar argument-products
(such as arguments posed by peers), it naturally mutates to include additional perspectives,
conceptual understanding or empirical evidence. Therefore, the process of argumentation is
inclusive of producing a claim, then refuting or supporting it with a rationale (warrant) that is
based on conceptual (theoretical) or empirical evidence (grounds) (Sampson and Blanchard,
2012).
For Toulmin (1958) the foundational product of an argument is the relationship between
a claim, data and warrant. According to Toulmin, warrants could be based on ethos (source
credibility, authority), logos (induction, deduction), pathos (emotional, inspirational or
motivational appeals) and/or shared values (free speech, civil rights, fairness, democracy etc.).
Sampson and Blanchard (2012) accept Toulmin’s (1958) definition of warrants or reasoning as
the relationship between the claim and the evidence (data or grounds) but argue that there are
three sets of criteria for warrants (within the domain of science) that science students rely on:
empirical, theoretical and analytical. Empirical rationale critiques the available evidence, its
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adequacy and quality. Theoretical criteria are conceptual based and judge the “usefulness of the
claim, its adequacy, and how consistent the claim is with other theories, laws, or models in the
field” (p. 1123), and analytical reasoning utilizes the interpretation of data. In the argumentation
process science students access these sets of criteria (all or some) to enter and exit the discussion
as they co-construct conceptual understanding.
Implicit in the process is the contextual positioning of the argument in that it exists within
the dogmatic field of science (theories, laws and models) with institutionalized and global
epistemic foundations. For example, Sandoval and Millwood (2005) who analyzed student
arguments found that students could link evidence and claims reasonably well but struggled to
draw from multiple sources of data. The authors argue that students need a foundational
epistemic understanding of the criteria for high-quality argumentation that is field-dependent and
aligned to the criteria used within certain scientific domains. Such criteria includes, for example,
relying on multiple data sources to coordinate evidence with a claim or a rebuttal given that
referencing multiple forms of data is inherent in the practice of scientists in the community of
science. With this consideration, Lawson (2003) suggested that instructors should encourage not
only learning how to argue but be cognizant of the end goal of the argument—that arguments
should emulate the type used and valued by scientists. This requires a closer examination of how
students engage with evidence—first, in how students reason with evidence to relate to the claim,
and second, how the validity of alternative explanations are also considered and ultimately how
reasoning is used to evaluate evidence itself.
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Theoretical Framework
This study relies on the analytical framework for argumentation developed by
Toulmin (1958), who in turn employed a sociocultural and sociohistorical lens in developing the
framework. Toulmin’s model known as Toulmin’s Argumentation Pattern (TAP) examines the
interrelationship between what students say and what they base their ideas on (how their ideas
come about). The TAP framework goes beyond the content of an argument and instead examines
the elements of argumentation—alignment between content and context. The essential elements
of TAP are claims, data, warrants and backings.
The skeleton structure of an argument is the connection between claims that are either
justified or refuted through data that in turn is supported by empirical or theoretical warrants
(Osborne et al., 2001). This is a singular argument-product (Reed & Walton, 2003). When this
argument-product encounters other argument-products in a classroom discussion, students
enhance or alter their conceptual understanding (Duschl & Osborne, 2008). Both the singular
argument-product from the individual (even if it is only played in the mind) and the juxtaposition
of several argument-products with each other are considered dialogic events (Mortimer & Scott,
2003). Derived from Bakhtin’s (1934) work on the use of words as resources, these argumentproducts bring to light more than one point of view, and in the case where these alternative
perspectives exist only in the mind of the individual, these argument-products usually consist of
previous and new ideas (Duschl & Osborne, 2008). The social and persuasive process of
argument-meaning making is a structure, much like the curriculum or the rules of the class.
Students must learn 1) how to recognize the specific language of argumentation and 2) how to
participate in this specific practice.
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From a sociocultural lens, this paper relies on Lave and Wenger’s (1991) perspective that
learning is a social activity in which learners participate in communities of practice around a
specific context (Cole, 1985; Lave, 1991; Wenger, 1998). As such, science teaching and learning
is viewed as a critical form of sociocultural enactment, with contexts (educational or general
understanding) formed through interactive human activities. Inquiry-oriented communities of
practice. In social interactions, the tools (physical and symbolic) play a key role in supporting
critical thinking and learning (Vygotsky, 1978). Classroom and institutional structures
(textbooks, class and school rules, grading practices etc.) become access points, tools, and
resources for humans to enact agency to achieve community goals, which can be in the form of
learning goals. A study by Salomon (1993) of people in situations of problem-solving concluded
that people have a natural propensity to work with others using the cultural tools available. These
tools and resources are an important consideration in supporting both the development of the
argument (product) and the process of argumentation and the emerging learning goals are
abstractions of shared practice and are determined by cultural boundaries upon which
communities are formed (Engestrom, 1987).
Since these boundaries are based on abstractions they emerge and dissolve in a
continuous process as individuals influence the environment and as the environment influences
the individual (Roth & Tobin, 2007). For example, if, as a social environment, a normative
classroom practice is to revoice other members using academic language then students will come
to rely to this activity to garner power and enact agency. For that reason, from a Vygotskian
sociohistorical perspective, argumentation is dependent on the social environment. It is a
historical enactment of collective and individual agency that is an outcome of local, city, state
and global agendas. Take for example the school practice of engaging in academic discourse,

60
which constitutes the particular language (words), behavior (practices) or understanding
(knowledge) of what school science is according to the current institutionalized interpretations of
the science field. This has a structuring effect on the empirical and conceptual warrants
expressed at the local level as these warrants will rely on the global beliefs of the science field
(Duschl & Osborne, 2008). Therefore, activities at the classroom level, which are considered
micro-level events are nested in larger domains of school and society, which act as the
institutional and cultural-historical level respectively (Jaworski and Potari, 2009).

Context
The setting for this study is a senior-level biochemistry classroom at a mid-size
comprehensive university in New York in the Northeast United States. The instructor, who is a
senior-level professor, was selected because of his use of inquiry-oriented activities. His research
interests include enzymology and a general interest in improving pedagogy in teaching
chemistry. He has taught the senior-level Biochemistry course for several years.
The course was taught using the previously described POGIL instructional approach and
materials (Spencer et al., 2004). The 10 students in the biochemistry course include nine
female and one male student. All were in their last semester in their senior year at the University
and were all senior B.A. or B.S. Chemistry majors with one student pursuing a minor in
Secondary Science Education with the intention of becoming a high school chemistry teacher.
All the other students registered in the course had intended on pursuing post-graduate work in
the science field, including the medical field.
The course met for 50 min, 3 days per week. Classes were observed and videotaped at
least once a week. Student seating arrangement was consistent throughout the semester for the
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event described in this study (see Chapter 2, p. 25-26, Figure 1 & Table 1: Classroom
arrangement and Student seating arrangement for a visual of the class arrangement, and a
detailed description of how students were arranged in groups). Students typically spent a
majority of the class time (one third to one half) working in their small groups, while the rest of
the class time was spent in whole class discussion.
Typically, once a week the researcher would videotape the class, write down observation
notes and then meet with the instructor to debrief the notes or any major events during the lesson.
Debrief session notes were also captured in the researcher’s journal. The instructor was not
directly involved in the research design but supported the study by acting as an external coder
and attending meetings to discuss interpretations.

Methodology
One event captured the interest of the research team and the instructor. The event
depicted several students across student groups discussing the TCA cycle with little interruption
by the instructor. Nine out of ten students were present and six of these students were verbally
engaged in a discussion on the appropriate pathway for a mechanism in the TCA cycle and a
transcript of the discussion was generated. The event occurred in the seventh week of the course.
The analytical approach consisted of the application of three coding frameworks: The
first involved transcript generation and analyses using Toulmin’s Argumentation Pattern (TAP)
codes, which helped decipher which elements of argumentation were present, who uttered them
and when. The second framework involved the application of Simon, Erduran, and Osborne’s
(2006) analytical framework for Levels of Argumentation (LoA), which examined the quality of
argumentation that was present with a particular focus on the rebuttals expressed and a Quality of
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Reasoning in Science Classroom Discourse (Furtak et al., 2010), which considered the value of
the evidence and how students engaged with evidence as they constructed arguments. This
framework added to the Levels of Argumentation schema by allowing the analyses of rebuttals
and the warrants in order to assess the quality of argumentation.
The methodologies utilized in this chapter—Toulmin’s Model for argumentation (TAP),
Levels of Argumentation framework (Simon et al., 2006), and Quality of Reasoning in Science
Classroom Discourse (Furtak et al., 2010)—to analyze the selected vignette are codes derived
from the literature on the components and assessment of argumentation. First, the transcript of
the event was generated. The process of coding the transcript was to assign a turn count for each
utterance. This was defined as the starting and ending point of an individual’s verbal expression.
For e.g. Turn 1 for individual 1 would be if the speaker began speaking and continued for 5
words but was then interrupted by speaker 2 regardless if individual 1 completed the sentence or
not. The turn count for Individual 1 would only count the start and end times of those four words.
Turn 2 of the time and turn of the next speaker would then be recorded and so on and so forth
(Bloome et al., 2004).
Two researchers were then employed to code the transcript using Toulmin’s codes for
argumentation (TAP) (Chapter 2, Figure 4, p. 29-30 in this dissertation). To ensure
interreliability one of the researchers noted as external coder was not directly involved in the
research project and supported the study by attending meetings to code and debrief
interpretations. The external coder had no role is developing the design of the study or research
objectives.
Then a second coding framework—The Levels of Argumentation (Table 1)—using the
analytical framework for assessing the quality of argumentation highlighted in Simon, Erduran
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and Osborne’s (2006) study was applied to the TAP-coded transcript to explore the quality of
argumentation in the event. Following this, the transcript was reviewed using the third (Quality
of Reasoning in Science Classroom Discourse) as the lens.

Toulmin’s Argumentation Pattern (TAP) Analysis
The codes for argumentation were based on Toulmin’s (1958) pattern analysis. These
codes are claim(c), grounds/reasoning/evidence(g), warrants/criteria(w), rebuttals/
counterarguments(r), qualifiers(q), and backing/support(b). According to Toulmin, an argument
consists of claims, data, warrants and backings. According to Toulmin, the process of stating a
claim, then refuting or supporting it with a rationale (warrant) that is based on conceptual
(theoretical) or empirical evidence (grounds) is argumentation (Sampson and Blanchard, 2012).
For the purpose of consistency and clarity, both independent coders employed the
following definitions as guidance and the TAP codes claim, evidence, warrants, rebuttals,
qualifiers and backing were consistently used throughout the coding process. For a description of
the TAP components and definitions see Chapter 2, Table 3, p. 36 in this dissertation.

Levels of Argumentation (LoA) Framework
Simon et al. (2006) consider the inclusion of rebuttals in arguments as an indicator of
higher levels of argumentation and better quality overall. This study considered this criterion in
the analysis phase by differentiating between weak and strong rebuttals in examining the quality
of the argumentation in the event. Their coding schema was utilized here because they argue
that their framework has overcome the challenges of interpreting an argumentative event through
the use of TAP alone. Several studies (Simon et. al, 2006; Duschl and Osborne, 2002) have
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acknowledged that the Toulmin schema is problematic for many researchers because distinctions
between the components, i.e., whether an utterance is a component of grounds, warrant or
backing, is often context dependent and therefore based on opinion which can lead to coding
discrepancies. To overcome this limitation the study presented in this paper employed two
independent coders to code the transcript. The coders then met to resolve any discrepancies.
Simon et al.’s (2006) framework attempts to create a clear delineation for assessing the
quality of argumentation that transcends this generalized TAP framework that is susceptible to
indeterminate interpretations. First, they determined if an argument has a justification
component. This determination was then used to assign higher and lower levels of
argumentation. Higher-level arguments have strong rebuttals that result in others changing their
ideas and is strongly supported with data, or conceptual, or empirical warrants. Lower-level
arguments consist of rebuttals that are not data rich or simply a claim. The schema is grounded in
oppositional episodes with the focus on the intention of the rebuttal—critically asking is the
intention to persuade others to change their mind or are they less persuasive?
In this study we employed both frameworks (TAP and LoA) to analyze the transcript in
order to highlight the components of argumentation present and the degree of quality of the
argument.
Table 1
Levels of Argumentation: Analytical framework used for assessing the quality of argumentation
Level

Criteria/Definition for Level

Level 1

Argumentation consists of arguments that are a simple claim v. a counterclaim
or a claim v. claim
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Level 2

Argumentation has arguments consisting of claims with either data, warrants or
backings but do not contain any rebuttals.

Level 3

Argumentation has arguments with a series of claims or counterclaims with
either data, warrants or backings with the occasional weak rebuttal.

Level 4

Argumentation shows arguments with a claim with a clearly identifiable
rebuttal. Such an argument may have several claims and counterclaims as well
but this is not necessary.

Level 5

Argumentation displays an extended argument with more than one rebuttal.

The Using Evidence Framework and Mapping/ Quality of Reasoning in Science Classroom
Discourse
The Using Evidence Framework (UEF) was originally selected because it assessed the
quality of warrants/reasoning and was aligned with the TAP framework. It also considered the
criteria for evaluating evidence, which is aligned with the goals of the larger scientific
community, specifically regarding how scientists view and assess evidence and data.
UEF considers product (described as component) and process separately. Three codes—
Application, interpretation and analysis are process-oriented, and the other five components
(premise, data, claim, rule and evidence) support the generation of the product or argument. The
framework considers the rationale for why particular expressions are selected, such as the
thinking behind the warrant, which led to the development of a hierarchy of sophistication in
argumentation levels and the process-component pairs (Nagashima et al., 2008). This overcomes
the limitation of using TAP as a standalone coding scheme in analyzing the quality of
argumentation, as it considers the “location and purpose of the statement within the context of
the entire argument” (Brown et al., 2008, p. 11-12) instead of the standalone utterance. Since the
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transcript was originally coded using TAP, both frameworks were aligned (Table 2) to allow for
easy translation.
Table 2
Description of Parts of the Using Evidence Framework (Brown et al., 2008, p. 7-8)

UEF
component/
process term

UEF Definition

Toulmin (TAP) or
Duschl (2003)
Alignment

Premise (input)

Describes the specific circumstances acting as an
input that will result in the outcome described by the
claim; often identifies a specific object and a relevant
property

Data (input)

Statements describing a specific relationship between Grounds/
two properties or a property and a consequence of
data/evidence
that property

Claim (output)

A statement about a specific outcome or state;
specific to a single set of circumstances, generally a
particular object in a particular time and place

Claim

Rule
(component)

A statement describing a general relationship
between two properties or a property and a
consequence of that property

Warrant

Evidence
(component)

Composed of statements describing a contextualized Backing
relationship between two properties or a property and
a consequence of that property; describes (or
assumes) a specific set of circumstances in which the
relationship has been actually observed to be true

Application
(process)

The process by which the rule is brought to bear in
the specific circumstance(s) described by the
premise; establishes the probability or necessity of
the claim, often by logical deduction in simple cases

Grounds/
data/evidence

Qualifier
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Interpretation
(process)

The process by which multiple pieces of evidence are Transformation 2
compared and integrated or synthesized; establishes
(Duschl, 2003)
the probability or necessity of the rule, often by
generalization in simple cases with only one piece of
evidence

Analysis
(process)

The process by which multiple data are compared
and integrated or synthesized; establishes the
probability or necessity of the evidence, often by
extrapolation in simple cases.

Transformation 1
(Duschl, 2003)

The Hierarchy of Sophistication in the Levels of Argumentation and Framework
Mapping (Brown et. al, 2008) in Figure 1 maps participant talk by aligning the letters with the
Framework description illustrated in Table 2. According to Brown et al. (2008) there are four
structures in the Hierarchy of Sophistication. The simplest level would be 1 and the most
sophisticated would be 4. These are illustrated below:

Figure 1. Hierarchy of Sophistication in the Levels of Argumentation and Framework Mapping

UEF describes the use of warrants in two ways: 1) Composed of statements describing a
contextualized relationship between two properties or a property and a consequence of that
property; describes (or assumes) a specific set of circumstances in which the relationship has
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been actually observed to be true (backing), and 2) A statement describing a general relationship
between two properties or a property and a consequence of that property (warrant) and positions
the use of evidence as part of a larger process. Therefore, both the process of producing the
warrant and the positionality of the warrant determines the level of sophistication (Brown et al.,
2008).
While this study considers the utility of UEF, there are some limitations. For example,
UEF may expect students to follow all the components in order to support a claim and could
result in missed opportunities during the coding process to recognize the various ways students
interact with evidence. According to Furtak et al. (2010) reasoning can lie on a continuum from
non-substantiated (with no evidence) to highly sophisticated arguments. Furtak et al. (2010) uses
Brown’s et al. (2008) operational definitions for the use of evidence/warrant, and discussions on
the hierarchy of sophistication levels of using evidence from Driver et al. (1994) and Carey et al.
(1989) to create a Quality of Reasoning in Science Classroom Discourse, which is a levels of
evidence coding schema. We chose Furtak et al.’s (2010) framework because it combines the
components and processes elements in UEF so that it can be easily applied to a transcript. For
example, in table 3, which depicts their framework, all three types of backing (Levels 2-4) do not
need to be explicitly coded or stated. The authors consider “a claim and premise, backed by a
rule, as an incidence of rule-based reasoning, rather than expecting students to go through the
entire data to evidence to rule transformation in support of a premise and claim” (p. 23), which
would have been the case with UEF.
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Table 3
Quality of Reasoning in Science Classroom Discourse

Level

Quality of
Reasoning

Definition

Description

1

Unsupported

No reasoning

Elements of reasoning
present, but no processes
of reasoning; pseudo,
circular, or tautological
reasoning

2

Phenomenological

Data-based
reasoning

Data applied to a claim

3

Relational

Evidencebased
reasoning

Evidence applied to a
claim, including analysis
of data

4

Rule-Based

Inductive or
1. Deductive reasoning
deductive rule(top-down), applying a
based
rule to make a claim
reasoning
with respect to a new
premise
2. Inductive reasoning
from data to rule
3. Applying a rule with
new evidence
(exemplifying with
analogy)
4. Complete reasoning
structure (whole
framework)

Diagram
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By using both coding schemas—Levels of Argumentation and the Quality of Reasoning
in Science Classroom Discourse—with the transcript we hope to illuminate ways to assess the
quality of argumentation, through the examination of the rebuttals and the warrants expressed, to
improve pedagogy in order to support this skill.

Data Sources
The data sources include audio and video captures of student-student discussion of
biochemistry concepts and subsequent written student work products (reflective portfolios) and
instructional activities as indicated in the class notes and portfolios. Classes were videotaped
once a week. Debriefing sessions with the course instructor were held immediately after class
and notes from the sessions were captured in the researcher’s journal. Along with the video, a
voice-recording device was placed with different groups during the session to capture student
discussions. Student portfolios, which were a natural assessment structure of the course, were
also scanned at the end of the semester after the final exam was graded and was examined for
analyses in the following chapter. Reflections, student class and homework notes, reading logs,
completed mastery exams, and laboratory work are components of each student portfolio.

Data Collected
The 97-turn transcript was a result of a 7-minute discussion where students were asked to
“Describe the steps and reagents to get from the compound A to the compound C”. Compound A
and B (mystery reagent that was the foundation of the argument) and C are depicted in Chapter
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2, figure 2, p. 28 in this dissertation. The transcript and the corresponding TAP counts for each
utterance is included in the appendices section of this dissertation.

Data Tabulations & Results
Cross-relation of TAP & Levels of Argumentation for Each Participant
Table 4 represents the TAP counts for all participants in the event. For example, Kelly,
depicted in Table 4, has 14 total turns at talk. Of all her utterances she expressed 3 claims, 2
grounds, 5 backing, 1 rebuttal and zero warrants and qualifiers. Embedded in Table 4 is the
analysis after Simon et al.’s (2006) analytical framework (Table 1) was applied. For example,
because Kelly has no warrants or qualifiers, but expresses one (weak) rebuttal, she is considered
to be at a Level 3. Kelly has to have either backing, data or warrants and at least one weak
rebuttal to be placed at this level.
From the frequency counts and the types of codes each participant articulated in the data
tabulation shows that the overall event exhibited four levels of argumentation. The transcript
analysis phase revealed that some students were able to engage in high levels of argumentation,
either to convince others to change their ideas or to support their own theories. This has a major
influence on power dynamics.
It is not surprising that the students who exhibited the levels of quality closest to the
teacher (Daniel-Level 3/4) had the highest turn at talks when the two coding frameworks utilized
in this study were cross-correlated. Research on turn at talk indicates that participants with high
turns hold power in the classroom over others, who in turn would inherently have less (Bloome
et al., 2004). However, we must apply caution here as Bloome et al. (2004) explains that it is also
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the quality and not the quantity of the talk. The frequency counts highlight that Linda and Amari
had the highest turn at talk, while Daniel, the instructor, had one of the lowest at only 12.
Table 4
TAP Code counts for each participant and Levels of Argument for each participant
Codes (TAP)
Participant
Name

Kelly

Turn
at
Talk

14

Level of
Argument for
each
participant

c g w b r q

TAP Codes expressed by
each participant

3 2 0

1 0

Mostly Claims and
Backing, 2 Grounds and 1
Rebuttal. No Warrants or
Qualifiers

Level 3

Level 2

5

Kimmy

9

2 0 2

1

0 0

Mainly Claims and
Backing (low
frequencies). No Grounds,
Rebuttals or Qualifiers. 2
Warrants

Daniel
(course
instructor)

12

1 0 0

0

1 0

Mainly Claims and
Rebuttals. No other TAP
code

Level 3/4

Level 3/4

Linda

29

7 0 2

3

3 0

High frequencies of
Claims, with a few
Warrants, Backing and
Rebuttals. No Grounds or
Qualifiers

Filippa

10

2 1 0

3

2 0

Most TAP codes except
for Warrants and
Qualifiers

Level 3

2 1

All codes with high
frequencies of Claims and
Backing

Level 4

Amari

18

8 2 5

9
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Elijah

3

c= claims

g= grounds

3 0 1

1

0 0

w= warrants

Mostly Claims, Warrants
and Backing. No Grounds, Level 1
Rebuttals or Qualifiers
b= backing

r= rebuttals

q= qualifiers

Yet Daniel came in with a strong conceptual rebuttal by asking, “So are the Br’s
accepting as bases?” (at turn 47 in Table 5). His use of the question as a pedagogical move acted
as a clue to Linda that she might not be on the right track with her response. She picks up this
clue and immediately changes her response (turn 48). She then defends her own rebuttal (and her
epistemological shift) by expressing a new claim: “The NaOH should be the base” even though
Daniel suggests that Br being a radical and having a negative charge might act as a base because
“bases attract protons”. Daniel’s questioning in line 47, together with Amari’s rejection of
Linda’s ideas in the utterances preceding line 46, inspire Linda to change her mind.
Table 5
Turns 46-50
46

Linda: But like the Br accepting as bases

47

Daniel: So are the Br’s accepting as bases?

48

Linda: No. They can’t be acting as bases

49

Daniel: I thought bases attract protons

50

Linda: The NaOH should be the base

This is an example of how, as researchers, we must apply caution to interpretation,
particularly in examining argumentative events. These events are inherently bound up in the
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context of doing, learning, knowing and speaking science but are influenced by the social,
symbolic and interactive structures that go beyond the academic context (Engestrom, 1987).
Investigating argumentation considers the language, practices and knowledge of the
participants in the event but we must also consider how these practices influence the social
relationships, the cultural identities and the epistemological frameworks of the participants and
the worlds they create, mutate and re-create as they interact with others. For example, in the
finding above, it is Daniel’s authority, which is highly valued in Linda’s world that influences
the process of argumentation. It is also Amari’s use of warrants, rebuttals, and conceptual
grounds—components predominant in the argumentation structure—that influences Linda.
Acting together they reveal that the process of argumentation is an interactive dynamic—a
cooperative effort—between the social, cultural and academic fields.

Cross-relation of TAP & Levels of Argumentation for Each Sequence
In the previous chapter, the transcript was sectioned into 6 sequences, as illustrated in
chapter 2, table 2, p. 27 of this dissertation, to allow for small-pattern recognition within the
large transcript as the intention was to analyze each section in depth to create a holistic
description of power distribution across the whole event (Bloome et al., 2004). Sequences were
determined by the utterance of a rebuttal (TAP codes) or the development of a new argument.
Sequencing the larger transcript in this way was found to be useful and a similar
approach was employed in this study. Each sequence was then analyzed for the level of
argumentation through the use of the Levels of Argumentation framework (Table 1) (Simon et
al., 2006) to determine the quality of the argument in the whole event.
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First, the counts for the TAP components for each sequence were noted. Then, the level
of quality (last column in Table 6) was assigned after consulting with the framework described
in Table 1. An interesting finding was the sequential and positive correlation between the level of
quality and time of the event which suggests that as students were given more time and
opportunity to engage in the process of argumentation they expressed higher levels/components
in their argument.
Table 6
TAP counts with Level of Quality for each sequence
TAP Component Counts
Sequence Claim Grounds Warrant Backing Rebuttal Qualifier

LoA (From Table 1)

1

4

0

0

7

0

0

Level 1

2

3

0

3

2

1

0

Level 2

3

2

4

0

2

3

0

Level 2

4

5

1

2

1

3

0

Level 3

5

10

2

5

10

2

1

Level 3

6

2

0

1

3

2

1

Level 4

All

26

7

11

25

11

2

Level 4
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Strong Rebuttals vs. Weak Rebuttals
Another way to assess the quality of argumentation is to examine the nature of the
rebuttals uttered. Simon, Erduran, and Osborne (2006) explain that strong rebuttals are those that
result in others changing their ideas or thinking and is strongly supported with data so higher
argumentation levels result in epistemological shifts in others. A weak rebuttal, therefore, is one
that is lightly supported with data.
Daniel expresses a few rebuttals placing him at a level 3 or 4 according to the coding
framework utilized but is it a strong rebuttal? Daniel is successful is getting Linda to change her
mind in turn 48-50 (Table 5). However, Daniel is the course instructor and while he does not
explicitly tell Linda that she needs to adjust her idea, his natural authority as the course instructor
could be all Linda needs to change her belief. So his insertion in this event, while it results in a
shift in another individual’s thinking, is a weak rebuttal because the shift was an outcome of the
power he holds with students as the teacher.
In another example, in the sequence in table 7 (turns 53-59), Linda believes that NaOH is
important. She, with backing by Filippa, argues that the NaOH will take on a proton. But Amari
comes in with a rebuttal at turn 54, stating that HBr is actually what they need to consider. We
see that this rebuttal is powerful because Kelly, though not fully convinced, states that
“Something takes off the Hydrogen” even though two students mentioned NaOH and only one
student (Amari) provides an alternative reagent. Later we see that Kelly has agreed with Amari
completely and is trying to convince Linda to come over. However, is Amari’s response an
indicator of a strong rebuttal?
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Table 7
Turns 53 to 59; Linda and Amari have two different theories
53 Linda: Don’t the Br’s add and then…?

Talking to Filippa

54 Amari: No, that’s if you’re using HBr
55 Filippa: But then will the NaOH take on a proton?

Speaks loudly; 55=56
(overlap)

56 Amari: But these are two Br’s
57 Linda: That’s what I thought the NaOH has to yeah take off
the proton and yeah
58 Elijah: Does it take off a proton if there is like no Chlorine
or something?
59 Kelly: Exactly something takes off the Hydrogen

To get Kelly to agree with her, Amari, in a preceding turn (line 64 in Table 8), uses her
learning from a shared previous course (organic chemistry) to justify her theory. Here Amari, is
relying on conceptual reasoning, not empirical, as data to justify her claim (Sampson and
Blanchard, 2012). She in turn gets support from Kimmy and Elijah who remember the concept
as well, and their agreement act to strengthen the validity of the grounds. Here the strength of the
rebuttal is based on the effervescence of the social capital of the students making and supporting
the rebuttal. Despite this Linda is not convinced and she asks Amari to support her reasoning
some more by asking, “how do you pull it off?” and she is only able to come over after turn 74 in
Table 8 when Amari begins to explain the theory using additional conceptual knowledge.
However, Kelly who has supported Linda so far needs Amari to convince her as well. Here,
Kelly is trying to figure out, mentally, who the winning team is and will switch her loyalty to the
person viewed as socially and symbolically favorable. Kelly has begun this process in turn 59
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when she states, “Something takes off the Hydrogen” instead of supporting Linda’s idea that it is
NaOH.
Table 8
Turns 64-75; Amari’s Rebuttal
64 Amari: Well it’s not Br2 over NaOH because when I
did it with Vanica [organic professor], it was NaOH
by itself or Br2 over light

Kelly taps on board

65 Kimmy: Yeah I remember Br2 over light

Open palm facing board

66 Linda: Okay, if you add Br2 over light then Br2 gets
added to the single bonds

Crossed arms

67 Amari: No it doesn’t. It pulls off
68 Elijah: It goes through free radicals reaction

68=69 (overlap)

69 Amari: Yeah it’s a radical reaction but it ends up
pulling off
70 Linda: How do you pull it off?

70=71 (overlap)

71 Amari: And you get a double bond
72 Amari: Because look

Gets up and walks towards the
board. Takes marker from Kelly.

73 Elijah: Basically it turns into
74 Amari: It’s umm…Extend this side it’s with the
arrow thing. The light releases it so you get one like
this and one like that so then you end up
75 Linda: Right

So in order to convince Kelly and Linda, Amari has to use a ‘strong’ warrant. When
analyzed from a content perspective neither the warrant nor the rebuttal can be considered highlevel. However, through the context lens with Simon et al.’s (2006) description of rebuttals in
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mind we see that Amari defends her reasoning again in turn 78 by explaining the mechanism
through the use of science-specific/domain-based language such as radical, bond, double bond,
and the act of drawing the movement of electrons on the board. This appears to be successful
because immediately after, in turn 79 in Table 9 and in the video capture, Kelly looks at Amari
when she says, “I am going to agree with you” and then quickly turns to Linda, thus letting Linda
know she has switched teams.
Table 9
Kelly agrees with Amari
78 Amari: So then this would come here because there’s still that umm
Hydrogen Carbon bond so one goes here and these form one so then you
have one HBr and then another Br radical floating around and then it’s
the same thing and it comes here. So then that’s how you get your double
bond

Drawing on
board

79 Kelly: I’m going to agree with you

Looks at
Amari, then
to Linda

While Amari engages in the discussion to convince other students to adjust their theories,
Linda uses claims and rebuttals to support her own beliefs. After Daniel, the instructor,
intervenes at turn 47, Linda is convinced that it is a free radical-base mechanism combination
until Amari emphasizes that a free-radical mechanism is also a possibility. While not
intentionally attempting to change Amari’s theory, she is in direct opposition to Amari for
several turns (turn 33-57). So Amari relies on the use of strong (conceptual) rebuttals, with
theoretical data and conceptual warrants, to get others to change their minds.
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Use of Warrants: Quality of Reasoning in Science Classroom Discourse
The transcript was reviewed and selected excerpts from sections where warrants were coded
were highlighted for the analysis represented in Table 10.
Table 10
Warrant/Reasoning Analysis

Excerpt #

Excerpt from transcript

1 Linda: Yeah they pull all the
hydrogen off
Kimmy: That’s what makes it
positive

Structure Diagram

Description
Phenomenological:

Level
2

Data-Based
reasoning

Kelly: And these electrons
shift...moves
Amari: But the carbon on top
because then now you can’t
have that new double bond
because
Linda: That’s what I was
thinking
Amari: It has to pull off
another hydrogen that’s why
there’s two Br’s
2 Amari: But these are two Br’s
Linda: That’s what I thought
the NaOH has to yeah take off
the proton and yeah
Elijah: Does it take off a
proton if there is like no
Chlorine or something?

Unsupported: No
reasoning

1
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Kelly: Exactly something
takes off the Hydrogen

3 Amari: Well it’s not Br2 over
NaOH because when I did it
with Vanica [organic
professor], it was NaOH by
itself or Br2 over light
Kimmy: Yeah I remember Br2
over light
Linda: Okay, if you add
Br2 over light then Br2 gets
added to the single bonds
Amari: No it doesn’t. It pulls
off
Elijah: It goes through free
radicals reaction
Amari: Yeah it’s a radical
reaction but it ends up pulling
off
Linda: How do you pull it off?
Amari: And you get a double
bond
Amari: Because look...
Elijah: Basically it turns into...
Amari: It’s umm...Extend this
side it’s with the arrow thing.
[Drawing on board] The light
release it so you get one like
this and one like that so then
you end up
Linda: Right

Phenomenological:
Data-Based
reasoning

2
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Amari: And then this pulls off
one and you do the same
mechanism again
Linda: So then we don’t need
the base?
Amari: So then this would
come here because there’s still
that umm Hydrogen Carbon
bond so one goes here and
these form one so then you
have one HBr and then another
Br radical floating around and
then it's the same thing and it
comes here. So then that’s how
you get your double bond

In Excerpt 1 in Table 10 it appears that conceptual data is applied to make a claim
(“that’s why there’s two Br’s”), but there is no analysis of data, no interpretation of evidence and
no application of a rule. While in Excerpt 2 in Table 10 elements of reasoning are present (“the
NaOH has to yeah take off the proton”), but there are no pseudo, circular, or tautological
processes of reasoning. Here the reasoning is conceptual and personal (“that’s what I thought”).
In Excerpt 3 in Table 10 it was noticed that the application of a rule of “radical reaction” was
used to support the premise that the mechanism will either be “NaOH” or “Br2 over light” that
will pull of the electrons. However, the Evidence and Data that feeds into the Rule continues to
be conceptual-based and personal (“because when I did it with Vanica [organic professor], it
was...”) even though the Rule is supported with further reasoning (“Because look...[Drawing on
board] The light release it so you get one like this and one like that so then you end up”). This
type of deductive reasoning would place this interactional moment at a level 4: Rule-based:
Deductive reasoning (top-down), applying a rule to make a claim with respect to a new premise
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but an examination of the product of the argument, including the type of evidence and data used,
and its alignment with the scientific reasoning process, which is a “coordination of data and
evidence in the manner similar to the ways scientists use data and reasoning” (Robertshaw, 2013,
p.199) lowers this to a level 2 because the evidence is conceptual and does not rely on multiple
sources of data as is an inherent practice of the science field. Though Amari continues to
elaborate with details about the concept to support her claim that it is a free radical mechanism
her lack of reliance on data to bring together scientific theories and evidence places the warrant
at a low level.

Discussion & Implications
In using these assessment frameworks, we sought to examine both product and process of
the TCA argumentation event. The Levels of Argumentation and Quality of Reasoning
frameworks easily facilitated assessing (coding and interpreting) and evaluating the product of
the arguments in the TCA event in regards to rebuttals and warrants. However, a review of the
literature (Sandoval and Millwood, 2005; Zembal-Saul et al., 2003; Hogan and Maglienti, 2001;
Tytler and Peterson, 2005; Jimenez-Aleixandre et al., 2000; Lawson, 2003; Robertshaw, 2013;
Furtak et al., 2010; and, Zohar and Nemet, 2002) on assessment frameworks for verbal and
written argumentation highlight the importance of the influence of power structures in the class,
interactional dynamics, or positionality of the argument in regards to the demands of the field.
According to these researchers, these components were all highlighted as important aspects of
the process of argumentation but we found that they were not reflected in the assessment
frameworks (Simon et al.’s (2006) Levels of Argumentation and Furtak et al.’s (2010) Quality of
Reasoning in Science discourse) utilized in this study. We acknowledge that the two frameworks
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employed in this study were focused on specific argumentation components, specifically
rebuttals and warrants, but we suggest that argumentative events be explored by analyzing the
process and product conjunctively. An outline of how this may be done is discussed in the Using
the Rubric: Suggested Classroom Activities section.
Argumentation events, particularly in schools, are reflective of larger institutional and
global agendas. As such argumentation events do not exist in silo. For example, a discussion
about the TCA Cycle is an institutional request trickled down from accreditation institutions,
graduate schools, potential employers, and professional scientists. Kolsto and Ratcliffe (2008)
suggest that it may be important for instructors to be cognizant of the kinds of dialogue and the
type they want their students to engage in throughout the argumentation process in order for
instructors to plan classroom activities accordingly.
To address this issue, we have included a Positionality of Argumentation in the Science
Field: Type of Dialogue category which is based on Walton’s (1998) classification of dialogues
in developing the suggested assessment framework for argumentation presented in Table
11. Walton’s (1998) classification characterizes dialogue based on classroom goals for expected
dialogue in the field of science. According to Walton (1998) these goals are persuasion dialogue,
inquiry dialogue, information-seeking dialogue (expert-consultation), negotiation dialogue (dealmaking), and eritic dialogue (quarrel). Often in science classrooms it is not surprising to observe
multiple combinations of these five types of talk since goals can be negotiated. Kolsto and
Ratcliffe (2008) argue that two of these five—persuasion dialogue (critical discussion) and
inquiry dialogue—are the most closely tied to the science field as an inherent scientific practice
(and performed by scientists). Operational definitions for these two types of dialogues are
presented in Table 11.
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Other studies (Latour, 1987; Martin and Richards, 1995) have discovered that persuasion
dialogue is the most relevant form of discourse among scientists and with scientists and the
public. It is highly plausible that persuasion dialogue or critical discussion is a key tenet in the
argumentation process because the goal is for an interlocuter is to convince the other side to
accept their position. The larger goal is to solve the conflict through a thorough examination of
the evidence and rationale.
Table 11
Types of Dialogue (relevant to science field)

Type of Dialogue (Walton, 1998; Kolsto and Ratcliffe, 2008)

Persuasion dialogue/critical discussion: Each party is to persuade the other party to accept
an assertion, using, as premises, data and ideas that the other party has accepted as decisionbase.; resolve a conflict of opinion by means of rational, or reason based, argumentation

Inquiry dialogue/critical inquiry: Look at arguments on both sides and raise critical
questions of these, in order to identify the strength of the arguments involved; proceed by
question and reply; collectively establish or demonstrate a particular scientific claim based on
scientific criteria established in a scientific community; collect all evidence, scrutinise this
evidence and through collaboration and argumentation identify conclusions that are firmly
supported by theory and evidence

Inquiry dialogue, according to Kolsto and Ratcliffe (2008), also supports argumentation
because this type of dialogue asks participants to regard all proposed arguments and examine its
strength, which is a preliminary move in the initial moments of the argumentation process. The
method involved in engaging in inquiry dialogue is synonymous with the scientific practice of
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inquiry where all evidence has to be collected, analyzed and evaluated in order to collaboratively
generate a conclusion about the merit of the claim. For example, a common practice in the
science classroom is to prove if a hypothesis is sustained or not based on the gathered evidence.
The addition of the last category, Positionality of Argumentation in the Science Field, highlights
the larger socioscientific endeavor of argumentation events in the science classroom—that all
classroom science activities intend to support scientific speaking, thinking, performing, reading
and writing. In this way the suggested argumentation assessment rubric is sensitive to the type
of dialogue used by scientists and inherently includes interactional dynamics. For example, if,
during a class discussion, students engage in Persuasive Inquiry: Resolve a conflict of opposing
claims by means of rational, or reason based, argumentation in a manner typical to rule-based
scientific reasoning and empirical interpretations of multiple sources of data in order to
persuade the other party to accept an assertion, then students have to consider arguments posed
by other students in order to construct counter-arguments to convince them to change their
opinion.
Table 12
Assessing Argumentation Dynamically (AAD) Rubric

TAP

Level

Component
Level 1

Claim (Brown,

Opinion

Level 2

Level 3

Level 4

Opinion that

Describes the

Backing based

2008; Toulmin, based

provides some

relationship

non-opinion

1969)

background

between the

information or
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specific

object and a

circumstances

specific property

Data/Evidence

Personal

Conceptual/

Analytical:

Empirical: can

(Use of)

opinion is

Theoretical: Can

Includes the

include

(Sampson and

used as

include personal

interpretation of

conceptual but

Blanchard,

backing or

opinion but

data in

uses specific data

2012)

support of the

conceptual

conjunction with to support claim;

claim

information is

theoretical

critiques the

prevalent; evaluates

details to

adequacy and

the consistency and

support the

quality of the

adequacy of the

claim

evidence

claim with scientific
theories, laws and/or
models

Warrants (use

Opinion as

Rule-Conceptual as

Rule-Empirical

Scientific

of): Includes

Evidence: No

Evidence: Attempts

as Evidence:

Reasoning:

(the use of)

use of

to use general

Use of empirical Coordination of

Backings and

evidence or

scientific concepts

analysis of data

data and evidence

Qualifiers

there is use of or conceptual

possibly

in the manner

(Driver et al.,

some

reasoning; may use

connected to

similar to the

1994; Furtak,

reasoning but

conceptual

theoretical or

ways scientists

2010)

it may be

reasoning in

conceptual

use data and

based on

combination with

reasoning; may

reasoning; logical

personal

personal experience

use multiple

relation between

sources of data

data and

experience or
opinion and

conceptual

not on

understanding;

conceptual or

and consideration
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empirical

Phenomenological:

Relational:

of multiple

analysis

Data-based

Evidence-based

sources of data

reasoning

reasoning

Unsupported

Rule based:

reasoning

Inductive or
deductive rulebased reasoning

Rebuttals

Largely

Use of conceptual

Clearly

Use of empirical

(Simon et al.,

opinion

details to refute the

identifiable

or conceptual

2006)

based. Any

claim. May have an

counter-claim

evidence in

embedded

embedded personal

that relies on

conjunction with

conceptual

opinion. Reasoning

scientific

scientific

details are not uses scientific logic

reasoning.

reasoning, with a

the central

such as data and

Reasoning uses

series of counter-

focus; simply

warrants, with some

scientific logic

claims, resulting

a claim or a

backings, and

such as data,

in a shift in

counterclaim

qualifiers. May have

warrants,

another group or

a series of counter-

backings, and

individual’s

claims

qualifiers; may

stance

have a series of
counter-claims;
may result in a
shift in another
group or
individual’s
stance
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Positionality of

No

Information-seeking: Critical Inquiry:

Persuasive

Argumentation

connection:

Overall discussion

All evidence is

Inquiry:

in the Science

Does not

either relays

collected,

Resolve a conflict

Field (Walton,

connect to

conceptual

analyzed and

of opposing

1998; Kolsto

theories and

information or

evaluated in

claims by means

and Ratcliffe,

laws Or

requests conceptual

order to

of rational, or

Eritic:

details that are based collaboratively

2008)

opinion based on current scientific
theories and laws
where the

reason based,

generate a

argumentation in

conclusion

a manner typical

goal is to

and/or personal

through critical

to rule-based

quarrel

experience; may

questioning;

scientific

involve expert-

Claims are

reasoning and

consultation or

based on criteria

empirical

critical questioning

determined by

interpretations of

scientific

multiple sources

community;

of data in order to

involves a

persuade the other

progressive

party to accept an

construction of

assertion

evidence

Implications for Instruction: Using the Rubric: Suggested Classroom Activities
The purpose of the Assessing Argumentation Dynamically (AAD) rubric is twofold: As
an analytical tool the rubric can be employed to track and code the utterances or argument of
each participant to determine sophistication or quality levels. Previously, this paper discussed the
importance of instructors or researchers coding argumentation events by both process and
product. We suggest the following methodology: first, code the transcript using TAP to
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determine the argumentation components present in the event. Second, chunk the transcript into
sequences or by excerpts. A recommendation is to chunk it by short argumentation cycles of
beginning with a claim and ending with a rebuttal/counterclaim. Then analyze the sequences
using the focus component (e.g. Warrants), which will highlight the quality of the product of
argumentation. Finally, analyze the sequences for the type of talk by participants, which will
highlight the process of argumentation. This approach will allow researchers (and instructors) to
assess the process and product of argumentation events dynamically.
When used as an assessment tool the student’s argumentation skills can also be tracked
and evaluated. We suggest that, first, instructors create a generalized ‘tracker’ using the table
function in word processing or by using a spreadsheet software to monitor student talk. Then
share the suggested rubric with students so that they are familiar with the success criteria. We
also suggest, based on Herrenkohl et al.’s (1999) suggestion that argumentation is a skill that
should be explicitly taught, that instructors take time from each lesson to focus on and model one
component from the rubric so students have exemplars of expected practice. One idea is to share
examples of the focus component for each level. For example, exemplars of Level 3 Claim can
be shared with students and students can engage in a brief discussion about the criteria of the
exemplar. After this activity students are given a science prompt and instructors can listen to
student discussions and using the tracker, they can ‘check off’ where they evaluate the student to
be based on the quality of the rebuttal/warrant/claim/grounds expressed. They may even write
down what the student says as evidence of the component. In this way, instructors may use the
suggested rubric to determine the quality of argumentation and decide on subsequent steps or
modifications to the planning process to improve the level of the individual, group or whole
class. In the following lesson, students can then be grouped homogeneously or heterogeneously
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based on skill level, and instructor feedback can be focused on raising students by their
level. Alternatively, using the Fishbowl strategy, some students could engage in a discussion in
an inner circle while others sitting in an outer circle could observe and rate the inner with the
rubric in hand. In this way students can co-evaluate their peers and practice becoming familiar
with the success criteria.

Quality of Rebuttals
The purpose of this study was to assess the quality of argumentation in an inquiryoriented learning event by utilizing assessment frameworks to determine the level of quality
(specifically regarding rebuttals and warrants) in order to explore how the process and product of
argumentation could be evaluated and improved. In meeting this objective, the results show that
there are two distinguishing processes in the expression of rebuttals in argumentation. One
process is where students develop arguments using data, warrants, grounds, or backing to support
and defend their own claims or epistemological perspective. The other is where students use the
process of argumentation to persuade and change the epistemological viewpoints of others,
which is considered to be a higher-level activity. This was established as a Level 3 or 4 in the
Assessing Argumentation Dynamically rubric.
Findings from chapter 2 indicate that a driver for both activities are the influence of
existent power structures in the learning environment. Both intentions—whether to defend one’s
claims or persuade others—confirm that argumentation is a dialogical process. To raise the level
of argumentation we suggest that instructors are mindful in guiding students to develop cogent
arguments with a series of counter-claims that use empirical or conceptual evidence in
coordination with scientific reasoning, in order to persuade another group or individual to change
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their stance. At the highest level the product/content of a rebuttal would have a logical relation
between multiple sources of empirical evidence and reasoning to evaluate the merit of the claim,
and the process (of expressing counterclaims) would be driven by the purpose of persuading
others.

Quality of Warrants
Drawing upon Driver et al.’s (1994) framework of Phenomenon-Based, Relation-Based,
and Model-Based reasoning, which inspired Furtak et al.’s (2010) work in creating their
framework students in this event typically utilized phenomenon-based reasoning by using
conceptual theories as rationale. In this study reasoning was conflated with theoretical
underpinnings rather than used in conjunction with evidence to evaluate models as it would be at
higher levels such as relation-based reasoning. Students relied on conceptual-based data and
personal thoughts about how the evidence and data supported claims and/or premises. Implicit in
higher quality of warrants is how students interact with data to support evidence. If they utilized
data in empirical ways by including conceptual but also using specific data to support their
claim, then this would be considered a higher level. According to Driver et al. (1994) if they also
critiqued the adequacy and quality of the evidence this would be assigned as a Level 4 (the
highest level of quality of argumentation in the suggested AAD rubric).
A suggestion to facilitate students to move to higher levels would be to support them in
arriving at a logical association between data and scientific theories, laws and models and
consider multiple sources of data in a coordinated manner to reach an empirical-based warrant.
We suggest that this is an explicit activity with direct prompting and requests for multiple data
points.

93
Limitations & Future Research
We acknowledge that a major limitation is that this exploratory study is the analysis of
one argumentation event. Additionally, while the instructor has taught this course previously, he
was not trained in supporting argumentation. However, it is expected that the increased
experience with the suggested Assessing Argumentation Dynamically rubric in the Discussion
and Implications section of this paper into the future will drive an intentional focus on higher
levels in the quality of warrants and rebuttals. It is also anticipated that the use of multiple
sources of data, embedded in the rubric, to support reasoning and counterclaims in order to talk
and write persuasively will support higher levels of argumentation. Finally, it is also expected
that instructors, informed by the findings of this research, will modify instructional activities and
the structure of the posed problem prompts to support shifts towards Level 4 to improve the
learning outcomes for students. The researchers plan to expand this work with larger additional
argumentation events that include testing of the suggested rubric and its possible iterations in our
goal to improve science pedagogy.
The AAD rubric also includes a category Positionality of Argumentation in the Science
Field which is based on Walton’s (1998) work on Types of Dialogue. This extension may be
useful for instructors who use inquiry-oriented pedagogy such as POGIL and want to align
classroom talk with argumentation activities. While this study did not examine the type of talk
within the argument and its connection to the larger goals of the science field and community as
it was not the focus of this study, the researchers acknowledge that exploring argumentative
events with types of dialogue as an analytical lens is a possible extension of this paper for future
research.
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However, a limitation to the AAD Rubric is that, as an analytical tool, the framework can
facilitate the assessment of the student’s verbal utterance of claims, counterclaims, warrants, and
type of dialogue and assign a quality rating but we acknowledge that speaking and writing are
different. Accordingly, we hope that additional use of the suggested rubric, particularly in
applying it to analyze argumentative writing will result in further iterations to the tool in our
endeavor to develop a holistic and widely applicable assessment apparatus.
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CHAPTER 4
AN EXAMINATION OF THE PEDAGOGICAL, INSTRUCTIONAL, AND
DIALOGICAL MOVES THAT SUPPORT ARGUMENTATION IN AN INQUIRYORIENTED BIOCHEMISTRY CLASSROOM

Abstract
Recently, the role of argumentation as an important socio-scientific practice, has had
considerable emphasis in secondary and postsecondary education. In this exploratory case study,
we consider how the supporting structures provided opportunities for students in an
undergraduate biochemistry class within an inquiry-oriented learning environment to engage in
the process of argumentation to investigate a chemical mechanism in the TriCarboxylic Acid
(TCA) cycle. Data sources for this study included the video and audiotapes of each weekly
lesson for the duration of the course. The video and audio recording of the specific lesson on the
TCA cycle was transcribed and four coding frameworks—Toulmin’s model of argumentation
(TAP), Inquiry Oriented Discursive moves (IODM), Levels of Argumentation and Types of
Dialogue—were applied. This research found that argumentation is supported by structures, tools
and resources, that provide opportunities for discussion including attributes of the learning
environment, activities, and pedagogical strategies by the instructor. Findings also highlight that
the instructor, acting in nuanced ways through expressions of specific discursive moves, can
support the argumentative process. By examining how the whole class discourse and the design
of the learning environment created opportunities for the negotiation of ideas, we provide
suggestions for pedagogical moves in inquiry-oriented classrooms.
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Introduction
The intention in the writing of this dissertation is to explore an argumentative event with
multiple methodological lenses to explore the social activities by teachers and students and the
design of the learning environment that inhibit or support argumentation.
In chapter 2, three analysis frameworks—TAP, IODM and turn-of-talk—were
concurrently applied and intra-related to conclude that the process of argumentation must be
directly supported by teacher discursive moves, such as revoicing and telling, in conjunction
with supports for product-based components such as rebuttals and warrants. Chapter 3 explored
ways to assess argumentation by examining high-leverage TAP codes, such as rebuttals and
warrants, in student dialogue.
This chapter utilizes a case study methodology to investigate the instructional activities
and pedagogical moves that support argumentation to provide a holistic perspective about how
these structures interact to support the process of argumentation. The inquiry-oriented learning
environment described in this chapter is similar to chapters 2 and 3 as it uses a Process Oriented
Guided Inquiry Learning (POGIL) activity and the same vignette examined throughout this
dissertation. In the event examined students in a senior-level biochemistry class engage in the
argumentation process to discuss an appropriate mechanism pathway in the TriCarboxylic Acid
(TCA) cycle (also known as the Citric Acid Cycle or the Krebs Cycle). This study explores
features of an inquiry-oriented learning environment that fosters student-student collaborative
discussions and argumentation in order to gain insight about how pedagogical and instructional
moves can support the pertinent socio-scientific skill of argumentation.
Recently, there has been a drive to adopt evidence-based teaching and learning practices
(PCAST, 2012a). This includes changes to the course structure, curriculum, and learning
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objectives, increasing opportunities for research, and incorporating innovative learning
environments such as problem-based learning (PBL) (Deek, Kimmel and McHugh, 1998;
Harmon et al., 2002; Maskell, 1999), peer-led team learning (PLTL) (Horwitz and Rodgers,
2009), modeling (Hestenes, 2010), and process oriented guided inquiry learning (POGILs)
(Farrell et al., 1999). Specifically, the study presented in this chapter seeks to highlight essential
qualities of an inquiry-oriented learning environment that foster argumentation and suggest
possible strategies to assist faculty members who employ these inquiry-based classrooms in
utilizing these essential qualities.
In order to address the research objectives of this study, particularly on how verbal
discourse and the learning environment burgeon scientific argumentation, the theoretical
foundation for this chapter builds on sociocultural theory. According to sociocultural theory
social activities engage individuals in constructing knowledge. In the science classroom, these
activities are bound up in particular scientific and social practices in which they reside, including
academic, and laboratory experiences; the classroom environment, instruments and resources;
utilizing science vocabulary; and acting like a scientist. This also includes the tasks, activities,
talk, and tools used in the classroom during a moment in time, such as the selection of topics in
the syllabus, the grading policies, the goals of the institution, the rules of the classroom and the
epistemological histories of the participants. The language accessed and used by participants,
particularly in argumentation cycles, enhance student interest and knowledge and transcend
self/other perceptions, which in turn alter power structures, academic identities and authority of
knowledge. Through this lens this study considers how the language and the impact of the
language on the individual and the community supports argumentation.
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In particular this chapter will examine the interconnected influences of both teacher and
student talk as defined by the discursive move framework, the design of the learning
environment, and the features of the curriculum and student activities, on the level of
argumentation. The study will conclude with pedagogical and instructional suggestions for
instructors who seek to burgeon scientific argumentation in their inquiry-oriented classrooms.

Research Objectives
Argumentation has been shown to increase content knowledge because it encourages
students to seek out additional resources to justify their claims, examine the validity of alternate
viewpoints and acquire deeper conceptual understanding to utilize the course’s theoretical
underpinnings as warrants. This is necessary for senior-level science majors who desire to
continue studying science at the graduate level. This study focuses on the pedagogical strategies,
curriculum design, and discursive moves utilized by the teacher and several students while they
discuss a specific problem set that asks them to discuss the TriCarboxylic Acid Cycle (TCA) or
citric acid cycle.
The research questions that guide this chapter are:
1. How do discursive moves align with and support Levels (quality) of Argumentation?
2. How do pedagogical strategies (including the learning environment and design of the
curriculum) explicit in POGIL activities foster argumentation?
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Background on Argumentation
Argumentation is appropriated when students have opportunities to engage in discursive
work and experience plural accounts of epistemic perspectives and consider alternative theories
(Alexopoulou and Driver, 1997; Zohar and Nemet, 2002; Kuhn et al., 1997). It is a dialectical
activity where an opinion is positioned to convince others to lend their support. The action
requires that one is simultaneously arguing and learning to argue. Therefore, argumentation is
both a process and a product in that the process establishes that argumentation is an interactional
act complex (Eemeren et al., 1996; Eemeren et al., 2015) where the interlocutor intends to garner
acceptance of their expressed position; and it is a product in that the interlocutor also intends to
appeal to the audience to judge the reasonableness of the claim (Eemeren et al., 1996; Eemeren
et al., 2015). For the interlocutor, who is aware that the position will be evaluated, the substance
or content of the argument is pertinent. For the audience (others involved in the process), they
are also examining the content for its reasonableness. While the content of the argument is
important, the process is also equally as valuable. An argument not judged or evaluated, even if
it has a claim backed with evidence and supported by reasoning, is simply an explanation or
reducible to the “enunciation of contrasting belief systems” (Erduran, 2007, p. 64). The
dialogical nature of the process-product duality is an essential element of argumentation.
These dialogic opportunities are natural in the inquiry-oriented classroom where students
interact with a community of learners to make meaning of a concept. These kinds of
environments ask students to present and hear multiple perspectives and to interact with other
students in developing meaning or conceptual understanding (Osborne et al., 2004, p. 997). The
learning environment has an immense structural influence on the quality of argumentation.
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Components of this environment include the curriculum, the grading practices, the social norms,
the questions posed.
Finally, and particularly relevant to the research objectives of this chapter, is to consider
the structuring nature of argumentation as a communicative act complex (Eemeren et al., 1996;
Eemeren et al., 2015) in that the verbal language and nonverbal gestures impact the alignment of
relationships and inherently the position of power among participants. These moves are
intentional. They are also structural communicative moves that seek to garner support for a
position, refute a position, or expand and elaborate details about a position. Accordingly, it is not
only important to consider how discourse can exemplify the ways in which participants negotiate
reasoning with each other, as examined in chapter 2, but also illustrate the significant impact of
argumentation skills through discourse on content acquisition.

Theoretical Framework
The theoretical foundations for this chapter are situated in sociocultural theory around
social and symbolic capital and power. Although there is a range of sociocultural theories on the
formulation of social identity, this study draws from the perspective of academic identity
formulation in regards to the contextual and discursive activities that are dominant in science
classrooms. Within this community of practice, where learning and doing science is viewed as
culture or cultural enactment (Vygotsky, 1978; Cole, 1985; Lave, 1991; Tobin, 2006), teachers
and students establish roles [academic identities] through their interactional activity and their
access of language. In particular, the access and use of language, specifically in the form of
discursive moves and argumentation sequences formulate and reformulate social leveraging in
the science classroom. Stakeholders negotiate and contest identities [theirs and others] by
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recognizing how and what is valued in the social context and by whom (Putnam & Borko, 2000).
As such, sociocultural theory postulates that identity evolves within and among events. Bound
up in the evolution of scientific identity is the act of power negotiation (Bloome et al., 2004).
Power is continuously contested during social interactions with academic language used as
leverage in determining who has the power and in which moment. In strongly dialogic
classrooms there are more opportunities to negotiate power because there are more peer-peerinstructor interactions, whereas in traditional classrooms settings that follow the Initiation,
Response, Evaluation (IRE) pattern (Mehan, 1979) most of the interaction is directed from the
teacher to the student.
In the argumentation event examined in this study, students negotiate their interaction
with others through the specific expressions of particular discursive moves. These moves are
embodied in the ontological and epistemological histories of the participants (Roth & Tobin,
2007). The act of agreeing or questioning another participant is an inherent revelation of the
content knowledge, academic language or disposition that the participant experiences with the
subject, person, classroom or institution. Therefore, inherent in the act of arguing to learn, which
is a content driven activity, students are also shaping their scientific identity (Stetsenko, 2008).
In this context, an actor, such as a student, enacts agency in and during a classroom
activity (Tobin, 2006). This could be through actions such as listening intently, participating
verbally and/or physically (gestural) and/or following the activity directions. First, this student
brings forth all the sociocultural and sociohistorical influences she has experienced. These
influences are a conglomeration of all the moments so far and each moment, being an
engagement of agency and interaction with others, has created, mutated and recreated this
student’s ontological, and epistemic perspectives (Roth & Tobin, 2007).
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As the student, who has a certain role structured by rules and expectations of the learning
environment, engages in the activity, she also accesses tools (human and non-human) such as the
whiteboards, the other students and their prior knowledge, and the classroom expectation of
asking questions to learn the concept of the TCA Cycle. These tools are both resources and
shared practices in that the social activity of interacting with others help the student in
understanding the classroom rules (what is accepted and what is not, and how to be successful in
this environment), which include the appropriate science talk and ideas related to the class, the
particular questions that may be posed, or the specific procedures, protocols and routines (such
as raising your hand to speak), and as such this understanding allows access to the community,
whose members include other peers as well as the larger academic community and global
network of scientists.
Concurrently, the tools, structures, and the activity itself is influenced by larger school
and society objectives, such as the specific topics that are discussed in the biochemistry course,
the instructor’s goals for his students as future scientists, expectations from future employers,
and not least accreditation requirements for the institution and science department. Therefore,
while the activity examined in this study exists at the classroom level, it is always situated in the
larger cultural practice of school and society (Stetsenko, 2008). For example, the students are
learning about the TCA Cycle because the science department and the institution have
determined that this topic should be included in the curriculum, and that it is valuable for
students to learn it. They in turn are influenced by the larger scientific community—other
biochemists, medical professionals and research scientists—who place value on the learning of
the TCA Cycle and consider knowledge of the TCA Cycle as access to membership in the global
science society. Evidence of this knowledge could be in the form of passing an exam on this
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topic, or using academic language when discussing science with others, or expressing conceptual
knowledge such as the requisite reagents or mechanisms involved. The curriculum therefore has
a pertinent role in bridging science students to the science community (Jimenez-Aleixandre,
2008). This study will explore the structures inherent in the inquiry-oriented learning
environment that support argumentation such as the role of the curriculum and the community as
resources to further explore the complexity of supporting argumentation.

Context
The setting for this study is a senior-level biochemistry classroom at a mid-size
comprehensive university in New York in the Northeast United States. The instructor was
selected because of his use of inquiry-oriented activities. The course was taught using the
previously described (see chapter 2) POGIL instructional approach and materials (Spencer et
al., 2004). Nine female and one male student were enrolled in the course. The 10 students in the
biochemistry course were in their last semester in their senior year at the University and were all
registered as science majors. These students were all senior B.A. or B.S. Chemistry majors, with
one student pursuing a minor in Secondary Science Education with the intention of becoming a
high school chemistry teacher. All the other students in the course had indicated that they wanted
to pursue post-graduate work in the science field, with some students planning on entering the
medical field.
The course met for 50 min, 3 days per week. Classes were observed and videotaped at
least once a week. The 10 students occupied three out of the six tables around the class as they
were assigned to three groups, which remained consistent for all the lessons throughout the
course and for the event described in this study. The instructor arranged to have six mini-
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‘whiteboards’ mounted on the walls around the class. Each group was assigned a board so that
they were free to display their thinking and examine the responses of other groups as well.
Students typically spent a majority of the class time (one third to one half) working in their small
groups, while the rest of the class time was spent in whole class discussion. A detailed
description of the classroom design and arrangement is supported in a later section in this paper.
The researcher observed the class and met with the instructor following the lesson to
discuss the observation or any event of interest from what was observed. While the instructor
was not directly involved in the research design or the data collection and analysis phase he
supported the study by acting as an external coder and attending meetings to discuss
interpretations.
Methodology
The findings from the chapter 3, which focused on the analysis of rebuttals and warrants,
indicated that varying levels of quality were present. Considering that an important goal of
engaging in science is to understand how evidence is selected and then used to construct
explanations. This practice requires explicit teaching, which suggests that activities to support
argumentation have to be planned for and embedded in the design of the curriculum. The
instructors who implement these activities need guidance in the development of tasks and
pedagogical and instructional strategies. The results from chapter 3 led to an emerging question:
If varying levels of quality were present, what particular pedagogical moves that supported
students to engage in argumentation were present? By exploring responses to this question
instructors may have some insight into how their pedagogical moves support and improve the
process of argumentation.
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To highlight the social nuances of student (and student-teacher) interactions in
argumentation events this study borrows coding frameworks from research on argumentation
(Toulmin, 1958; 1969; Brown et al., 2008) and teacher activity in inquiry-oriented classrooms
(Whitacre and Nickerson, 2009; Rasmussen et al., 2006; 2009). These are labeled: Toulmin’s
Argumentation Pattern (TAP) and Inquiry Oriented Discursive Moves (IODM) and were utilized
to meet the first research objective. The process included: first coding the transcript with these
two coding frameworks to determine the TAP and IODM codes present. Then cross-relating the
IODM codes with an additional framework—the Levels of Argumentation framework—to
determine the quality of the argument presented. Additionally, Types of Dialogues—a
framework for defining the type of talk that is prevalent among scientists and scientists with the
community—was also cross-related with IODM in order to examine the type of discursive move
that supports “scientist-like” talk. Finally, and in order to explore the second research objective,
TAP codes were used consistently to examine student work in order to meet the second research
objective. This study relied on two independent coders to code the transcript and engage in the
inter-reliability process in order to meet alignment and consensus in coding throughout the
methodological and analytical phases.

Inquiry-Oriented Discursive Moves (IODM)
The IODM framework employed in this study reveals patterns that depart from traditional
forms of teacher-student interactions such as IRE (Mehan, 1979) and are more aligned to the
inquiry classroom, which is the environment described in this dissertation (see p. 127-128 in this
chapter and p. 5-6 in Chapter 1). Whitacre and Nickerson’s (2009) and Rasmussen et al.’s (2009)
methodology for this framework is grounded in sociocultural theory. They use the notion that
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“learning is an inherently social process and that the way in which learners encounter subject
matter affects what they learn” (p. 3). From this perspective, student learning is shaped or
reshaped by their interactions with the environment (field) structures, with each other, and with
the teacher. Therefore, we consider that interaction patterns are important in mediating content
understanding, particularly in an inquiry school science classroom.
Rasmussen’s framework (2009) for IODM, is comprised of four main parent codes—
Revoicing, Questioning/Requesting, Telling, and Managing. Each parent code includes several
child codes. A comprehensive definition of each of the 4 parent and 16 child codes discursive
moves is illustrated in Chapter 2, Figure 5, p. 31-32 in this dissertation. However, there are
coding limitations our coders had to consider. Coding of utterances is often opinion driven and
therefore subject to unreliable interpretations (Duschl and Osborne, 2002). Whitacre and
Nickerson’s (2009) paper discusses several reliability concerns regarding coding. For example,
one problem is that some utterances may be parsed out as belonging to different categories but
“may serve essentially the same function” (p. 13) particularly depending on the style of the
instructor, as some instructors are more verbose in their interactions with students. This is a
useful consideration when implementing the heuristic and indicates that the heuristic itself could
be mutable.
To counter the limitations in the framework this study enlisted an independent coder who
was experienced in the IODM framework but not involved in the research directly to increase
inter-rater reliability and reduce bias. In the initial transcript analysis produced in chapter 2 the
coders unanimously agreed that some utterances where one student listened to the statement of
another and reflected their agreement through the use of “yes”, “oh yeah” and “I agree” were
relevant to this study, because of the focus on power dynamics, but were not visible in the coding
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framework. These utterances revealed the structure of the argument. These phrases were
included in the methodological and analytical phases through the addition of the code R5:
Revoicing by Agreeing to the original coding framework. This approach gave the researchers
deeper insight about the power negotiation among participants.
The coders believed that revoicing was the appropriate category because it was a reutterance of the idea, in that the participant was supporting the idea of another and that these
kinds of verbal expressions are structuring expressions. For example, if a student responds to a
teacher question and the teacher verbalizes her approval of the statement, through the use of I
agree with you or yes, this acts as a clue to the other students that the teacher is likely to value
the student’s idea. Therefore, in this study, there are thirteen child-codes. These definitions were
consistently employed in coding the event transcript. See Chapter 2, Figure 5, p. 31-32 for the
operational definitions.

Toulmin’s Argumentation Pattern Codes
This study sought to examine the alignment of the IODM coding scheme with
argumentation levels and Toulmin’s (1958) pattern analysis was utilized as the coding
framework for argumentation. These codes are claim (c), grounds/reasoning/evidence (g),
warrants/criteria (w), rebuttals/counterarguments (r), qualifiers (q), and backing/support (b). For
the purpose of clarity, the TAP codes claim, evidence, warrants, rebuttals, qualifiers and support
were consistently used throughout the coding process by all coders during the first stage of data
mining. The codes are defined in Chapter 2, Figure 4, p. 29-30 in this dissertation.
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Levels of Argumentation Framework
Simon et al. (2006) consider the inclusion of rebuttals in arguments as an indicator of
higher levels of argumentation and better quality overall. Their coding schema was utilized here
because they acknowledge the challenges of using Toulmin’s Argumentation Pattern (TAP)
alone. Distinctions between the components such as ascribing an utterance as a component of
grounds, warrant or backing is often context dependent and therefore based on opinion. This is
problematic for many researchers who use the Toulmin schema because it can lead to unreliable
conclusions (Duschl and Osborne, 2002). Simon et al. (2006) argue that their framework has
overcome these challenges of interpreting an argumentative event through TAP.
Simon et al.’s (2006) framework attempts to create a clear delineation for assessing the
quality of argumentation that transcends this generalized TAP framework that is susceptible to
indeterminate interpretations. First, they consider if an argument has a justification component,
which then becomes the gauge for simpler and more complex levels for argumentation. Stronger
arguments have strong rebuttals that result in others changing their ideas and is strongly
supported with data, or conceptual, or empirical warrants, and lower level arguments consist of
rebuttals that are not data rich or simply a claim. This framework was employed in the previous
chapter that utilized it as an assessment tool. Here it is used as a “quality gauge”—a framework
that sets the quality standards so that comparative work, specifically determining the emergent
discursive moves at lower and higher levels of quality can be made. See chapter 3, table 1, p. 64
for an illustration of this coding framework.
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Global Positioning of Argumentation
In our interest in determining how and what discursive moves are aligned with levels of
quality we regard the relevance of discursive moves in its significance in supporting field-based
talk, that is talk that is prominent in the scientific field. We acknowledge that science classrooms
are located and positioned with institutional and global demands upon them such as, for example,
the theories and topics that have to be discussed in a course. Accordingly, this paper considers
that the highest quality level of argumentation in science should be aligned with the expectations
of scientific practices as determined by the larger community of science. In order to have an
operational definition for the type of talk prevalent in science we turn to Walton’s (1998) and
Kolsto and Ratcliffe’s (2008) classification of dialogues.
Walton (1998) characterized dialogue based on classroom goals. They are persuasion
dialogue, inquiry dialogue, information-seeking dialogue, negotiation dialogue, and eritic
dialogue (quarrel). Classroom dialogue can often represent multiple combinations of these five
types of talk since goals can be negotiated. Two of these five—persuasion dialogue (critical
discussion) and inquiry dialogue—are the most closely tied to the science field as an inherent
scientific practice (Kolsto and Ratcliffe, 2008). Other studies (Latour 1987; Martin and
Richards, 1995) support the relevance of persuasion dialogue as the most prevalent form of
discourse among scientists and with scientists and the public. In argumentation one of the goals
is for an interlocutor to convince the other side to accept their position therefore it is highly
plausible that persuasion dialogue or critical discussion is a key tenet in the argumentation
process.
Another goal in argumentation is to solve the conflict through a thorough examination of
the evidence and rationale. The inquiry process and specifically inquiry dialogue also supports
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argumentation because this type of dialogue asks participants to regard all proposed arguments
and examine its strength, which is a preliminary move in the initial moments of the process. The
method involved in engaging in inquiry dialogue is synonymous with the scientific practice of
inquiry where all evidence has to be collected, analyzed and evaluated in order to collaboratively
generate a conclusion about the merit of the claim. For example, a common practice in science
classrooms is to investigate if a hypothesis can be sustained or not based on the gathered
evidence. The operational definitions for persuasion and inquiry dialogue are illustrated in
Chapter 3, table 11, p. 85 of this dissertation.

Data collection
Recitation classes met once a week and were videotaped. Immediately following the class
associated with the lecture the course instructor and the researcher met for debriefing sessions
and notes from the sessions were captured in the researcher’s journal. Along with the video, a
voice-recording device was placed with different groups during the session to record student
discussions. Student portfolios, which was a form of assessment in the course, were also scanned
at the end of the semester after the final exam was graded. The portfolios consisted of reflections,
student class and homework notes, reading logs, completed mastery exams, and laboratory work.
All three forms of data were examined for patterns of interest regarding how students engaged
with the learning environment, teamwork structures, and course activities. The selection of data
for this paper examined the audio and video capture of student-student discussion of the TCA
cycle and a transcript was generated. The transcript of the event can be found in the appendices
section of this dissertation.
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Description of the Event
The event examined in this chapter is the same as described in chapters 2 and 3. In this 7minute, 97-turn transcript several students discussed the TCA cycle with little instructor
interruption. The instructor facilitated the activity by asking students to “Describe the steps and
reagents to get from the compound A (citrate) to the compound B (malate dehydrogenase)”
(illustrated in Chapter 2, figure 2, p. 28). Students had to develop the pathway of chemical
equations of a sequence in the TCA cycle and were given only the initial reactant (citrate) and
the final product (malate dehydrogenase).
The researcher has previous experience with argumentation patterns and noted that
students had expressed several components of argumentation during a lesson debrief with the
instructor which was a consistent weekly practice of the research. From the transcript, it is
revealed that one student asks other students to discuss their thinking out loud (line 6). Another
student turns to a third student regarding a possible solution to the problem (line 8) while a
fourth student states her claim (line 9) and the discussion begins (line 10).

Data Tabulations & Results
Dialogic/Discursive Interactive pattern
Sequences of codes using the IODM and TAP framework were generated to reveal
possible interactive patterns within the discussion. There are two major argumentation sequences
within this brief event: one by Linda, and the other by Amari. Amari presents an alternate
solution in line 35 (Transcript, in appendices) when she says, “Yeah Br2 is a radical right that’s
how I learned it. Its Br2 over light”, which Linda believes directly opposes her proposed solution
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of a base mechanism that she expressed earlier in the discussion. The students are given time and
the opportunity to support or refute either of these theories. The child-IODM codes (from the
transcript) were cross-related with the TAP codes (also from the transcript). Table 1 depicts the
number of child-IODM counts for each TAP code. The discursive moves have a structuring
effect particularly on the quality of the argumentation when examined using the Levels of
Argumentation framework that was utilized in the previous chapter as an assessment tool. Codes
with a relatively high count defined as greater than 4 were considered to have a significant direct
impact, while counts of 2-3 were considered to be mid-level and a count of 1 utterance was
determined to have low impact. These were given different colors in the table to illustrate the
difference visually. Finally, the dark grey shading for the arranging and motivating child-codes
for claim, grounds and warrant indicates a high indirect influence. While the managing parent
code did not have any counts related to the TAP framework when the transcript was coded it was
noticed that the preceding and succeeding codes around the emergence of the managing code led
to the subsequent IODM-TAP codes shaded in the table. In this event Managing also emerged
later in the transcript when students were engaged in a Level 3 and 4 argument (level attributions
were discussed in Chapter 3).
Table 1
Cross-analysis of IODM and TAP codes: Interactive patterns
TAP Component
Inquiry Oriented
Discursive Move
Revoicing

Claim Grounds/data Warrant Backing Qualifier Rebuttal
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Repeating

5

1

1

4

Rephrasing

1

1

1

2

Expanding

1

1

3

7

Reporting

2

Agreeing

1

1

1
1

5

1

1

1

1

3

4

5

4

4

2

3

Questioning
Evaluating

1

Clarifying

2

1
1

Explaining
Justifying
Telling
Initiating

9

Facilitating
Responding

5

Summarizing

2

2

Managing
Arranging
Directing
Motivating
Checking

Using the Levels of Argumentation (Chapter 3, table 1, p. 64) as a guiding framework the
transcript was analyzed for the specific discursive moves that emerged when only claims or a
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simple claim-counterclaim was uttered (for a Level 1). It was noted that the lower levels (Levels
1-2) had large revoicing counts and in particular R3: Expanding/adds information to a student’s
utterance. Higher levels (Levels 3 and 4) saw the emergence of large Telling codes with an
emphasis on T3: Responding/answers a question or evaluates a student’s response and T4:
Summarizing/summarizes (selected) ideas, highlights particular [concepts] of importance,
and/or points to next steps related to the summary, and T1: Initiating/teacher describes a new
concept, directs students to a new problem, or reminds students of previous conclusions at the
highest level. Since there was no evidence of Level 5 within the event, the alignment stated here
is an extrapolated deduction about the possible IODM alignment based on the attribution for
Level 4. The analysis is presented in Table 2.
Table 2
Cross-relation of IODM with Levels of Argumentation framework
Levels

Aligned IODM code

Level 1: argumentation consists of arguments that are a

R1 to R5 and in particular

simple claim v. a counterclaim or a claim v. claim

R1; T1 and T3

Level 2: argumentation has arguments consisting of

R1, R2, R3 and R5 with a

claims with either data, warrants or backings but do not

particular emphasis on R1,

contain any rebuttals.

R3 and R5; T3 and M1
indirectly

Level 3: argumentation has arguments with a series of

Previous IODM codes as

claims or counterclaims with either data, warrants or

stated for Levels 1 and 2

backings with the occasional weak rebuttal.

and an emphasis on T1 and
T3
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Level 4: argumentation shows arguments with a claim

T3 and T4, with an

with a clearly identifiable rebuttal. Such an argument

emphasis on T3

may have several claims and counterclaims as well but
this is not necessary.
Level 5: argumentation displays an extended argument

All codes as stated for

with more than one rebuttal.

Levels 1-4 and in particular
T1, T3 and T4 (inferred)

The Role of Discursive Moves.
Revoicing has a significant role in supporting the process of argumentation. Additionally,
from chapter 3 we acknowledge that high level TAP codes are backing, rebuttals and qualifiers
(Osborne et al., 2004). According to the presentation of the relationship between these specific
argumentation codes and the related discursive moves in Table 1 rebuttals are often supported
with the Telling IODM code, and backing is predominantly bolstered by Revoicing IODM
code. Revoicing also plays an important role in simple (lower level) expressions of TAP codes
such as claim, grounds, and warrants.
Revoicing is an integrative structure as it binds the discourse of students and teachers
leading to a collective building of meaning making, negotiation of ideas and concepts, and
cogenerated scientific dispositions. Revoicing by the instructor or by students with considerable
social and symbolic capital legitimizes contributions among participants in the classroom and
can steer the discussion in particular directions that may be the goal of the instructor, the
institution or the field (for example, if it is a conceptual understanding of a scientific law). At
lower levels of argumentation revoicing acts as an integration or conceptual bridging move. First
a specific scientific position is exclaimed. Members of the class have to now examine the
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argument and revoicing is used to create alignment among participants as they negotiate the
ideas put forth inherently creating a community of practice. In Table 3 revoicing is used to
generate ownership and a community of practice between at least three students (Amari, Filippa
and Kelly).
Table 3
Revoicing for alignment and community building
Amari: Wouldn’t the Br pull off one hydrogen?
Filippa: Umm, the Br2 pulls of the hydrogen
Amari: The first hydrogen
Filippa: The electron moves onto that and then they form a double bond
Kelly: Yeah we did it

In the process of alignment and negotiation revoicing is also used to direct the discussion
towards a specific outcome. In this event revoicing was used to ask others to clarify and
elaborate their claims. In doing so the instructor or lead student helps other students make sense
of the argument presented. As the discussion moves forward revoicing helps participants clarify
what the position is and who it belongs to. The instructor can then use their inherent authority to
agree or disagree with the position thus validating or refuting it, or help other students develop a
consensus about the validity of the argument.
The example in Table 4 depicts how revoicing through rephrasing, clarifying and
elaborating was used to realign a position to lead a student in a different direction. This strategic
directionality can be a way for revoicing to also align the discussion with the larger community
of science by guiding students towards established scientific theories, laws and models.
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Table 4
Revoicing for goal-orientation/specific outcome
Daniel (instructor): So are the Br’s accepting as bases?
Linda: No. They can’t be acting as bases
Daniel (instructor): I thought bases attract protons
Linda: The NaOH should be the base
Kimmy: Why is the NaOH? What is that doing? [clarifying]
Daniel (instructor): I think that’s a cata…I think that’s a catalyst [elaborating]
Linda: Don’t the Br’s add and then…?
Amari: No, that’s if you’re using HBr
Filippa: But then will the NaOH take on a proton? [rephrasing Daniel’s statement “I
thought bases attract protons”]
Amari: But these are two Br’s
Linda: That’s what I thought the NaOH has to yeah take off the proton and yeah [rephrasing]
Elijah: Does it take off a proton if there is like no Chlorine or something? [clarifying]
Kelly: Exactly something takes off the Hydrogen

A closer examination of the transcript and in particular the emergent point of the rebuttal,
captured here in Table 5, showed several expressions of the revoicing code preceding the rebuttal
indicating that revoicing is a pertinent teacher and student activity in the inquiry classroom.
Table 5
Revoicing as a community practice to understand concepts
Linda: And then what?
Amari: And then so it pulls off the other one also and that. Isn’t it also like the half? (R3)
Filippa: Yeah then the Br also pulls off (R1 and R2)
Linda: Oh yeah (R5)
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Kelly: No it’s the top reagent (Rebuttal)

Since this inquiry-oriented environment had a high count of revoicing over other
discursive moves at 44% depicted in Table 6 and most of the utterances are generated by
students and not the instructor, revoicing is also utilized to create a community of practice where
student voices act as resources to collaboratively understand biochemistry.
Table 6
Percent of discursive move in the event
Participant Revoicing Questioning Telling Managing Total
All

48

14

42

6

44%

13%

38%

5%
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Argumentation Cycles: Patterns in Content and Process
As the levels of argumentation increase, however, other discursive codes beyond
revoicing become more prevalent and it appears that argumentation cycles have a pattern not
only in the content but also in the process. From a content-driven perspective the process begins
with lower level TAP expressions and increase in quality as students consider alternative data
points or express multiple counter-explanations. From a socio-scientific perspective the process
initiates with various expressions of revoicing codes, and higher levels of argumentation
conclude with large telling and managing codes. This is not surprising because at the highest
argumentation levels the discussion is funneling to a conclusion so students are responding to the
ideas presented in order to align with one position or the other resulting in T4: Summarizing. For
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example, in the excerpt in Table 7 Amari’s expressions begin to increase in length (indicated in
italics) as she attempts to summarize her theory that it is a free radical mechanism in her
endeavor to convince Linda. At this point in the argumentation process students who are seeking
to persuade others to align with their position are engaged in summarizing the major conclusions
for their peers.
Table 7
Arguments funneling to a conclusion
Linda: Okay, if you add Br2 over light then Br2 gets added to the single bonds
Amari: No it doesn’t. It pulls off
Elijah: It goes through free radicals reaction
Amari: Yeah it’s a radical reaction but it ends up pulling off
Linda: How do you pull it off?
Amari: And you get a double bond
Amari: Because look...
Elijah: Basically it turns into
Amari: It’s umm…extend this side it’s with the arrow thing. The light release it so you get one
like this and one like that so then you end up
Linda: Right
Amari: And then this pulls off one and you do the same mechanism again
Linda: So then we don’t need the base?
Amari: So then this would come here because there’s still that umm Hydrogen Carbon bond so
one goes here and these form one so then you have one HBr and then another Br radical
floating around and then it’s the same thing and it comes here. So then that’s how you get your
double bond
Kelly: I’m going to agree with you
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Global Positioning of Argumentation
Exemplars of coded talk from the transcript that matched the literature-derived criteria for
persuasion or inquiry dialogue were selected. The corresponding IODM code was matched and
from the coded transcript it was determined that the telling and managing discursive moves
predominantly aligned with persuasion dialogue and revoicing and questioning codes (with some
telling) corresponded with inquiry dialogue (Table 8). This finding may be useful for inquiryoriented instructors who wish to align classroom talk and dialogic moves with the goals and
outcomes of the classroom activity.
Table 8
IODM and Types of Dialogue (Walton, 1998; Kolsto and Ratcliffe, 2008)
Type of Dialogue

Exemplars of Talk Excerpts

Persuasion dialogue/critical
discussion: Each party is to persuade
the other party to accept an assertion,
using, as premises, data and ideas that
the other party has accepted as
decision-base.; resolve a conflict of
opinion by means of rational, or
reason based, argumentation (Walton,
1998; Kolsto and Ratcliffe, 2008)

Excerpt 1:
Linda: Okay, if you add Br2 over
light then Br2 gets added to the
single bonds
Amari: No it doesn’t. It pulls off
Elijah: It goes through free
radicals’ reaction
Amari: Yeah it’s a radical
reaction but it ends
up pulling off
Linda: How do you pull it off?
Amari: And you get a double
bond
Amari: Because look [takes
board marker from Kelly]
Elijah: Basically it turns into...
Amari: It’s umm…extend this
side it’s with the arrow thing. The

Corresponding
IODM code
R5, T1
T3
T1
R3, T4
Q2
T4
T1
R2
T3, R3

R5
T3
Q2
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light release it so you get one like
this and one like that so then you
end up
Linda: Right
Amari: And then this pulls off
one and you do the same
mechanism again
Linda: So then we don’t need the
base?
Amari: So then this would come
here because there’s still that
umm Hydrogen Carbon bond so
one goes here and these form one
so then you have one HBr and
then another Br radical floating
around and then it’s the same
thing and it comes here. So then
that’s how you get your double
bond
Kelly: I’m going to agree with
you
Excerpt 2:
Linda: I mean wherever this
reaction is going on it can’t be
anyone
Daniel: It depends what you put
in there. You put Br and NaOH
because we had no other option
than Br and NaOH. Cuz that’s
what you told me to put in there.
Linda: Yeah
Daniel: Ok so that’s fine. Is
there…is there maybe more than
one way to get an H2O across, I
mean, a double bond ?

T3

R5

T1
T3, T4

R5
T4, Q1, M3, M4
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Inquiry dialogue/critical inquiry:
Look at arguments on both sides and
raise critical questions of these, in
order to identify the strength of the
arguments involved; proceed by
question and reply; collectively
establish or demonstrate a particular
scientific claim based on scientific
criteria established in a scientific
community; collect all evidence,
scrutinise this evidence and through
collaboration and argumentation
identify conclusions that are firmly
supported by theory and evidence
(Walton, 1998; Kolsto and Ratcliffe,
2008)

Excerpt 1:
Amari: Wouldn’t the Br pull off
one
hydrogen?
Filippa: Umm, the Br2 pulls of
the hydrogen
Amari: The first hydrogen
Filippa: The electron moves onto
that and
then they form a double bond
Kelly: Yeah we did it
Linda: And then what?
Amari: And then so it pulls off
the other one
also and that. Isn’t it also like the
half?
Linda: How come you can’t?
Excerpt 2:
Daniel: So are the Br’s accepting
as bases?
Linda: No. They can’t be acting
as bases
Daniel: I thought bases attract
protons
Linda: The NaOH should be the
base
Kimmy: Why is the NaOH? What
is that doing?
Daniel: I think that’s a cata…I
think that’s a catalyst
Linda: Don’t the Br’s add and
then…?

R4
R1
R3
R3
R5
Q2
T1, T3 or Q4
Q2

Q1
T3
T1
T3
Q2
T1 and T3
Q2

Learning Environment Supports: Curriculum, Pedagogy, and Instructional Resources
The second research objective of this paper is to explore the pedagogical strategies
explicit in Process Oriented Guided Inquiry Learning (POGIL) activities that promote
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argumentation. This objective is within the larger theme of this dissertation, which is to assist
educators in understanding (and assessing) how to support the process of argumentation. Here
the pedagogical moves are the specific instructional activities, question types, question rigor,
grading policy, and learning environment that instructors plan for and implement.

POGIL and the Learning Environment: Classroom arrangement and
dialectical/dialogic supports.
Students in the POGIL environment work in groups to explore and investigate a concept
or solve a problem. POGIL activities are structured in a way that students have to justify and
argue their reasoning. Questions that begin with “using grammatically correct English explain
how…” are common in several POGIL lessons. Students who work in groups have to justify
their understanding to their group members before moving on to other questions (Spencer, Moog
and Farrell, 2004). Periodic reporting is also embedded in the activity structure and students have
to present their unanimous group response to the whole class. This allows for multiple occasions
to engage in negotiation of perspectives. The course instructor supplements background
conceptual information when and as needed and most of the instructional time is used to
circulate among the groups, ask questions, assess for understanding and guide collaborative work
(Farrell, Moog and Spencer, 1999; Hanson and Wolfskill, 2000). The teacher embodies Dewey’s
(1938) notion of a constructivist classroom by providing the opportunities for students to create
the knowledge for themselves and arrive at conclusions grounded in evidence by engaging in
practical real-world applications and collaborating with others.
The classroom design and arrangement is depicted in Chapter 2, figure 1, p. 25 in this
dissertation. The instructor arranged to have six mini-‘whiteboards’ mounted on the walls around
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the class. Each group was assigned a board so that they were free to display their thinking and
examine the responses of other groups as well.
In the design schematic in Chapter 2, figure 1, p. 25, 3-4 students were asked to sit at a
round table. Across all the video recordings and class lessons, specific students were seated at
table A, B and C. They had access to the four boards nearest to them (1, 2, 3 and 4). In larger
classes table D would be assigned to board 1, and table B would use 2, while table A would write
on 3, etc. The instructor has his own whiteboard in the front of the class and would use it to
display the problem question or write out summary statements during the whole class discussion.
Students were also free to walk over to other groups and examine their work or ask questions.
This arrangement is consistent for all lessons observed.
Students typically spent a majority of the class time (one third to one half) working in
their small groups, while the rest of the class time was spent in whole class discussion. The
intention of this design was to capitalize and maximize the collaborative work among students,
given that a major component of the POGIL activity utilizes the collaborative effort of groups to
synthesize conceptual understanding. The teamwork structure also increases student-student
discussion as noted by the total number of turns of students vs. teacher in the event (83/6
students vs. 12/1 teacher) thereby supporting the inherently dialogic nature of the argumentation
process (Kuhn, 1991; Kuhn et al., 1997).
The activities are grounded in a teamwork structure with guided sequential questions that
are based on a cognitive model of learning (Svinicky, 2004) and the Learning Cycle (Karplus
and Thier, 1967). In this guided inquiry approach students work together in groups to respond to
questions that sequence from lower-order thinking to higher-order thinking. The activity sheets
comprise of exploratory questions based on information around models to utilize prior
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knowledge, critical thinking questions to deepen understanding and application exercises to
extend reasoning.

Instructional Activities.
All students were asked to maintain a portfolio displaying their learning over the
semester. The portfolio included reflection logs, exams results, essay responses, graphs,
calculations and equations, class notes, reading logs and homework. The student portfolios show
that Daniel, the instructor, begins the first activity by grounding students in the vocabulary they
need for each unit in the course. Below is a sample from Linda’s portfolio on Catalysis, the first
unit. Students are asked to develop reading logs (seen here in the “after you read” section) and
rephrase vocabulary in their own words (Figure 1).

Figure 1. Unit 1: Student sample of Vocabulary and Reading Log: Opening page of unit
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The instructional activities leading up to the argumentative event examined in this study
varied from asking students to describe, identify and explain to write an essay, explain as a
group, and solve problems (Figure 2).

Figure 2. Sample problem-solving item from Filippa’s portfolio: Unit 2
A frequency count of the number of essay and problem-solving questions students were
asked was generated as illustrated in Figure 3. The frequency counts indicate that students were
asked to write essays from Unit 1 with the number of essay items increasing over the 3 units.
Before the TCA Cycle lesson, students were asked to respond to at least 15 essays and 7
problem-solving questions. An analysis of student work as reflected in the essays is discussed in
a separate section.

Figure 3. Number of essay & problem-solving items over 3 units preceding the TCA Cycle event

127
Curriculum to Support Opportunities for Argumentation.
The classroom environment explored in this study uses POGIL activities that, when
implemented well, naturally provide a dialogic environment, which is a necessary structure for
fostering argumentation and improving its quality. While POGIL environments have had
considerable examination (Hanson and Wolfskill, 2000; Farrell et al., 1999; POGIL, 2005), the
findings from this study will add to how POGIL activities support argumentation and the
sociocultural components of teaching and learning science.
Hanson (2006) provides a concrete description of POGIL activities, as well as the
theoretical historical background of its emergence. POGILs are grounded in constructivism as a
theoretical framework. Learning is seen as a cooperative effort where students learn through
interaction either with other students or resources in the classroom. Through interactions students
explore and build knowledge and they may also shift what they already know as they negotiate
with others on what counts as knowledge.

The Learning Cycle.
While students are answering questions in a typical POGIL activity structure, they are
also simultaneously engaged in the Learning Cycle (E, I, A) (Karplus & Thier 1967). The
Learning Cycle is a key tenet of the POGIL activity and has three stages—Exploration, Concept
Invention (or term Introduction) and Application (Renner, Abraham & Birnie, 1988; Atkins &
Karplus, 1962; Lawson, 1995; Lawson et al., 1989). In the Exploration stage, students build on
prior knowledge and explore the text, diagrams and/or models for contextual clues to answer the
questions. It is only after this stage that they are introduced to the term and use their responses to
the exploration stage to define the term. The Application phase of the cycle encourages multiple
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answers, as it is an open-ended question, related to the concept and connected to a real-world
situation.
The learning cycle is also grounded in constructivism. Derived from Piaget’s (1964)
discussion on how students co-construct knowledge through interactions with each other and the
world, Karplus and Thier (1967) developed the 3-stage cycle so that each stage carefully expands
the following stage. The salient points of the comprehensive handbook illustrate how POGILs
encompasses three layers of learning—questioning, affective and cognitive processes. Each
POGIL activity begins with a ‘model’—a diagram or visual model followed by a small amount
of related information. Three levels of scaffolded questioning follow the model—Direct,
Convergent and Divergent (D, C, V).
Direct questions are factual, recall questions and usually begin with low-order question
starters such as Identify and What is…? The questions increase critical thinking skills by moving
towards higher-order questioning. These are called convergent questions and they build on prior
knowledge and scaffold new concepts. This is also when the science term, vocabulary, concept,
or definition is introduced. This differs from traditional teaching because students are introduced
to the term later in the activity rather than in the beginning. POGIL activities focus on
developing conceptual understanding before defining a concept or term. Finally, students are
asked to apply their knowledge, usually to a situation in society, in an open-ended divergent
question (Hanson, 2006). The sequence of questions test transferability of knowledge and
determine if the student has mastered the concept. An analysis of POGIL questions reveal that
direct questions are correlated with the Exploration stage of the learning cycle while, often,
convergent is aligned with Concept Invention (or Term Introduction) and divergent questions are
allied with the Application stage of learning. Each topic in the following course schedule in
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Figure 4 was accompanied by several POGIL activities and problem-solving/application
questions (Figure 5).

Figure 4. Proposed course schedule

Student Work Analysis over time
Analysis of Problem-Solving Questions.
In the units preceding the discussion of the TCA cycle, students were increasingly asked
to provide grounds and warrants for their claims. The presence of these components increased
over time. For example, Filippa’s response to a prompt in Unit 1, presented in Figure 5, indicates
low levels of claims, grounds and warrants. Her response is short, missing an explanation and
surface level. Her answer in Figure 5 refers to the concept of bond breaking and bond forming
but she does not specifically reference the “figure in question 5”, as the question asks, and which
would have provided her with substantial grounds.
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Figure 5. Unit 1, Sample 1

This is also reflected in Figure 6, which is an excerpt completed 1 week later, where she
makes a claim “a large Km indicates a low affinity for substance” but there are no grounds or
warrants to support her theory.

Figure 6. Example from short answer response one week later (Unit 1, Sample 2)

In contrast, a sample of her work, in the Metabolism unit (unit 2) weeks later and seen in
Figure 7 was found to be satisfactory by the teacher (using the S as a symbol for satisfactory) and
highlights how she uses the graph as a conceptual and empirical warrant to support her claim that
“in competitive inhibition only Km is affected and Vmax remains the same” by highlighting that
“the slope is different and the y-intercept is the same”.
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Figure 7. Unit 2, Sample 1

Analysis of Essay Responses.
Figure 8 and 9 are essay responses from Filippa’s portfolio. A comparison of the
responses emphasizes Filippa’s increasing use of warrants and grounds. In figure 8, Filippa is
building academic language and conceptual knowledge by writing out how SN1 and SN2
mechanisms compare. These are important features for entering future argumentation events as
highlighted by the findings in this study and in the previous chapter, particularly in how Amari
uses scientific vocabulary and conceptual knowledge as warrants to convince her peers that her
theory was valid.
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Figure 8. Unit 2, Essay sample

Figure 9 is an example of Filippa’s response to an essay question two weeks after the
argumentation event. Students were asked to:
“Write an essay responding to the following statement (taken from Activity 33): In a
healthy person, if palmitate is labeled with 14C the label appears in glucose. This means in the
strictest sense of the word carbon atoms from fat are incorporated into glucose. However,
biochemists say you cannot make glucose from fats. (Hint: why is the conversion of acetyl-CoA
to OAA→PEP NOT considered an anabolic pathway?)”
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Figure 9. Unit 3: Essay sample after the TCA Cycle lesson

Filippa references the class discussion on Catabolism where the students worked in
groups to make a claim and a rebuttal related to this essay question (“fat metabolism is not
directly affected by insulin”). Her rebuttal is supported by a conceptual warrant (“Acetyl CoA
goes through…you must do glycolysis in order to do gluconeogenesis”) and an example as
grounds (“Type I diabetics die from the Atkins diet […] this is why fatty acid oxidation is not
affected by insulin”). She also references a specific section of the diagram she provided (present
in her portfolio) as additional grounds to support her rebuttal. This is an example of a high-level
argument with a strong rebuttal (to the claim stated in the question prompt).
A surprising finding is the low counts of these components in the initial work products
given that these students are senior-level biochemistry majors. Overall, however, the work
analysis revealed that several of the pertinent TAP components such as rebuttals and warrants
appear as the course progresses and students are exposed to an increase in essay and problemsolving prompts.
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Discussion
The purpose of this study was to 1) Explore the influence of the types of discursive
moves on argumentation, 2) Explore the pedagogical strategies explicit in POGIL activities that
promote argumentation, and 3) Examine the influence of these activities on supporting
argumentation as expressed by students during an argumentative event.
In meeting the first objective, this study supports the findings from chapter 2, which
found that revoicing and telling were important discursive moves in supporting argumentation.
This study also extends the findings by discussing the four ways revoicing can influence
argumentation. The first is the role of revoicing in acting as an entry point for students to enter
the discussion through the expressions of simple TAP codes, such as claim, grounds, and
warrants. Second, revoicing fosters negotiation of ideas and community building as an
integrative structure. Third, revoicing is a facilitation move, and when used by participants with
significant social or symbolic capital can guide the discussion towards particular goals. This
facilitation can lead to alignment with the content-based, conceptual ideas within the community
of science. Finally, revoicing plays a major role in supporting inquiry dialogue, which is a form
of scientific talk within the practice of science where a problem or conflict is resolved through
the thorough analysis of the rationale and examination of evidence.
In meeting the second and third objective, this study supports Herrenkohl et al.’s (1999)
suggestion that argumentation is a skill that needs to be explicitly taught within an environment
that encourages dyadic interaction. In this study students had multiple opportunities to engage in
discursive work and experience plural accounts of epistemic perspectives and consider
alternative theories (Alexopoulou and Driver, 1997; Zohar & Nemet, 2002; Kuhn et al., 1997).
This is evident in turn 8-13 and turn 17-26 where the students propose initial reagents and
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express what they know about how electrons move. In turns 50-57, 64-69, and 70-78 in
particular the students consider the oppositional theories of whether it should be NaOH or Br2
and Light as the appropriate mechanism as proposed by students Linda and Amari. However,
even though Linda and Amari expressed foundational argumentation components they relied
predominantly on conceptual reasoning and grounds to support their claims, thereby rendering
the overall quality low to mid-level, (a detailed exploration of the assessment of argumentation is
discussed in Chapter 3). Since engaging in argumentation is not a natural activity for most people
(Kuhn, 1991) engaging students in appropriate activities that support argumentation requires
structured tasks, modeling and targeted instruction (Simon, Erduran and Osborne, 2006).
Specific activities are discussed further in the Implications section of this paper.
The curriculum is an important resource in supporting argumentation, as evidenced in the
environment examined here. When centered around authentic activities (Brown et al., 1989)—
where students are asked to analyze real life dilemmas that require the inquiry process (Berland
and Reiser, 2009) and a consideration of multiple perspectives or approaches (Zohar and Nemet,
2002)—students’ problem-solving capabilities increase. The plurality of explanations (Erduran
and Jimenez-Aleixandre, 2008) through the social construction of knowledge through
collaboration and presentation of ideas create opportunities that challenge the epistemic positions
of learners, which is an activity natural in the cultural enactment of learning and doing science
and supports the dialogic nature of argumentation.

Implications
A larger implication of the research is its potential to promote diversity and equity in the
culture of science; particularly for underrepresented groups who tend to leave STEM fields more
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than their white, male counterparts (Hill, Corbett, & Rose 2010; Griffith 2010; Kokkelenberg &
Sinha 2010; Barbuti 2010). Some of the attrition rates among underrepresented groups have been
attributed to self-esteem and self-efficacy (Huang, Taddese, & Walter 2000; Chen, 2013). To
increase retention of women and minorities in STEM, reports (NRC, 2011; NSF, 2012; PCASTa,
2012) encourage engaging in inquiry as a pedagogical approach. When students shift their
epistemic positions through the inquiry process and consider alternative justifications and
counterarguments (which is the process of argumentation) they act as scientists do, thereby
building not only their scientific understanding but also their confidence and science identity
(Lave & Wenger, 1991).
Ultimately, we advocate that opportunities to engage in argumentation are frequent,
recurrent and intentionally planned throughout the course. They could be used to summarize
learning of a unit, before a unit begins to garner interest in a unit, or during a unit to solve a
scientific problem. The curriculum, when viewed as a resource in fostering opportunities for
argumentation, is an entry point for the student to engage in a “cognitive apprenticeship”
(Brown, Collins, & Duguid, 1989; Erduran and Jimenez-Aleixandre, 2008) in the practice of
science.

Implications for Instruction
Findings from this study recommend that instructors design the curriculum to provide
students with frequent opportunities to engage in argumentation. First, we propose that students
are given time to build foundational knowledge such as academic vocabulary and prerequisiteconcepts. For example, before the start of each unit students are given a supplemental activity
that supports vocabulary and previous knowledge or requisite concepts related to the topic. This
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is significant because from chapter 2 we learned that language is used as a tool to influence the
power dynamics in the learning environment. When students used words relevant to the field of
science and espoused similar discursive moves as the instructor (through coding analysis of the
transcript) they were being viewed by members in the classroom community as more “instructorlike”, which would have a profound impact on their identity and symbolic and social capital
(Wenger, 1998).
We also suggest that students work in small-groups around an argument prompt and are
asked to explain or justify their reasoning. For example, in this learning environment students
were in fixed groups for recitation and the instructor began the lesson with a problem-solving
prompt. The instructor also uses POGIL activities which often ask students to support their
statements (claims) with evidence.
An additional recommendation is that students have opportunities for the presentation of
ideas. Here each student group had a whiteboard available to them and often used it to display
their work. In classrooms without this structure student groups could use large chart paper, or
mini whiteboards to display their thinking. Presentation by students is important because
argumentation is a dialogic process where plural accounts are expressed and considered.
Presentation allows thinking to become visible and open to the critique of other students and
therefore alternative ideas.
Finally, an added suggestion is that instructors practice revoicing and telling strategies as
they work with students during the lesson because it played a significant role in guiding and
structuring the argumentation process. We suggest that talk, via discursive moves, become an
intentional pedagogical practice much like pre-planning the questions that intend to be asked.
Instructors may begin this practice by listening and looking for opportunities to apply R1:
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Repeating in the first lesson. Then execute R2: Rephrasing in lesson 2 etc. A useful tool for
instructors in learning how to initiate this process is to utilize Accountable Talk (Michaels et al.,
2002; Resnick, 2001) with students and explicitly teach students how to utilize accountable talk
as a revoicing and telling tool with other students. When instructors ask How did you know that?
Do you want to add something new? How many others thought that? or What I hear you saying
is…they are asking students to present their ideas, to make thinking visible, to build on one
another’s ideas, and to engage in a framework that promotes a community of practice.

Limitations & Future Research
We acknowledge that a major limitation is that this exploratory study is the analysis of
one argumentation event. Additionally, while the instructor has taught this course previously, he
was not trained in supporting argumentation and the event examined here is a description of an
‘unstructured’ argumentation opportunity. However, the findings discussed here are possibilities
of promising practices and it is expected that the increased experience with the suggestions in the
Implication section of this paper into the future will drive an intentional focus on higher levels in
the quality of argumentation, particularly the use of multiple sources of data to support reasoning
and counterclaims in order to talk and write persuasively as is the expected discourse among
scientists in the field.
Informed by the findings of this research it is also expected that instructional activities
and the structure of the posed problem prompts will be modified to support shifts towards Level
4 (as indicated on the Assessing Argumentation Dynamically rubric from the chapter 3) to
improve the learning outcomes for students. The researchers plan to expand this work with
larger additional argumentation events that include further testing of the targeted implementation
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of discursive moves, explicit teaching of the argumentation process, and communication of the
success criteria (via the suggested rubric from the previous chapter) in our goal to improve
science pedagogy.
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CHAPTER 5
CONCLUSION

Across the chapters we see that argumentation is a complex process that is influenced,
supported or inhibited by several environmental and social structures. This dissertation began
with an examination of the influence of interactional dynamics and power negotiations on
argumentation by exploring the use of academic language, discursive moves, and social and
symbolic capital. This dissertation also explored the classroom design and structures for student
collaboration, the design of the syllabus/curriculum and tasks, and a deeper examination of the
influence of the discursive move revoicing, particularly on the type of talk that is resonant among
scientists. Important implications of this research include a rubric Assessing Argumentation
Dynamically to assist instructors in navigating the complexity of assessing both the process and
product of argumentation and as well as suggested pedagogical strategies to develop high-quality
classroom discussions.

Findings from each chapter
A critical goal of this study was to develop a framework for supporting both the process
and product of argumentation in order to answer the four research questions posed in this
dissertation. These were:
1.

What are the many ways that instructors can support, assess and improve argumentation?

2.

What instructional and pedagogical moves guide, sustain and lead to the highest quality
of argumentation to teach chemistry concepts?
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3.

How does interactional dynamics, particularly discursive moves, influence the
negotiation of power and authority and the quality of argumentation among participants
engaged in the verbalized argumentation cycle?

4.

How can the process and product of argumentation be evaluated in order to achieve highquality argumentation?

Research Question 2 and 3:
The findings from chapter 4 assist in answering research questions 2 and 3. We note the
importance of providing time for students to build foundational knowledge, such as academic
vocabulary and prerequisite-concepts through pre-reading and pre-writing activities. This is
related to the findings in chapter 2 where we learned that language was used as a tool to
influence the power dynamics and change the social and symbolic capital of participants.
Chapter 4 also highlighted the pertinence of students working in small groups around an
argument prompt in order to burgeon dialogic opportunities necessary for argumentation. To
further sustain argumentation students have to also have opportunities for the presentation of
ideas in order to explain their reasoning to others and have their argument challenged.
Argumentation is a dialogic process where plural accounts are expressed and considered and
public presentations expose students to the critique of others and therefore alternative ideas.
Other pedagogical strategies, discussed in both chapter 2 and 4, include a mindful
approach to supporting revoicing and telling strategies to foster scientific discussions because it
played a significant role in guiding and structuring the argumentation process and in managing
interactional dynamics. From the analysis it appears that revoicing plays several critical roles in
supporting argumentation and in influencing interactional dynamics. Revoicing, 1) provides an
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entry point for students to enter the discussion as it had high correlation counts with the
expressions of simple TAP codes, such as claim, grounds, and warrants. 2) Revoicing is a
directional, facilitatory move, as it can guide the discussion towards particular goals, particularly
when expressed by participants with significant social or symbolic capital. 3) Since this guidance
can lead to alignment with conceptual ideas embraced by the science community, revoicing is
also an integrative move and promotes negotiation of ideas and community building. Finally, 4)
revoicing also had high correlation counts with inquiry dialogue, which is a form of scientific
talk where conflicts are resolved through the consideration of the rationale and evaluation of
evidence. Nystrand and Graff (2001) suggest that students need structured and modeled activities
in order to understand that argumentation is an “extended, in-depth, reasoned exchange” (pp.
489). These activities include the child discursive moves of revoicing (repeating, rephrasing
etc.), such as re-stating a student argument, providing opportunities for students to construct
counterarguments or rebuttals during the discussion, and guiding students to present
counterarguments either to state new claims or address the re-stated argument.

Research Question 3:
The major findings in chapter 2, which sought to provide an answer for research question
3, established that, overall, argumentation is supported by structures that provide opportunities
for discussion, such as having students work collaboratively in groups to answer a prompt, or
share out their thinking on whiteboards for the other small groups to assess. However, the
instructor can also promote or inhibit the argumentative process through expressions of
discursive moves, particularly revoicing and telling.
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Chapter 2 concurrently utilized two coding frameworks to examine argumentationToulmin’s Argumentation Pattern (TAP) and Inquiry-Oriented Discursive Moves (IODM). This
methodological approach contributed to the science education community by extending current
research on argumentation that has either focused on process or product/content. This study
examined the social dynamics that influenced the quality of discussions by exploring the
discursive moves employed and the power dynamics involved in the interactive process of
argumentation in the cogeneration of conceptual knowledge. The findings suggest that
instructors have to employ specific high-leverage discursive moves in order to support high
quality verbal discussions. Telling and revoicing were the two codes with the highest counts.
The students that expressed the Telling code mutated their social capital and attained
some authority. As a result, they were listened to more often, had higher turns-of-talk, and were
able to convince other students to accept their reasoning. On the other hand, Revoicing was used
an entry into the discussion, allowing students to be part of the classroom community and to
have voice. Students would use revoicing to agree with others and to be heard. This suggests that
there is a distribution of power from the instructor to students and among students indicating that
argumentation can reduce the power gap between educators and their students. When students
used scientific academic vocabulary, and expressed similar discursive moves as the instructor,
they were viewed by other students as more “instructor-like”, resulting in higher turns-at-talk,
which can have a profound impact on their identity and symbolic and social capital (Wenger,
1998).
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Research Question 4:
Chapter 3 explored the complexity of assessing and evaluating argumentation in order to
respond to research question 4. The major findings in chapter 3 concluded that students engaged
in two separate activities when they uttered a rebuttal. In the lower-level process students
developed arguments using data, warrants, grounds, or backing to support and defend their own
claims. In the other higher-level process students used data, warrants, grounds, or backing to
persuade and change the epistemological viewpoints of others. This suggests that there are two
types of rebuttals within the process of argumentation, while the definition of a rebuttal remains
the same. A rebuttal, according to Toulmin (1969) is a counterargument, which in itself is a
structural unit of claim-ground-warrant [sometimes with backing]. If we were to assess the
content of a rebuttal-argument, we would expect these components. However, argumentation is
both process and product and as such we have to consider the positioning of the rebuttal, in terms
of its intention, as it interacts with other arguments within the event.
Chapter 3 also explored the quality of warrants. Findings highlight that students interact
with evidence in various ways resulting in distinguishing levels. To establish criteria for those
levels this chapter turned to the literature on reasoning, particularly the criteria set by the
scientific community. According to the science field the highest level of using reasoning is if
students interacted with data in empirical ways and were also familiar with the criteria used to
evaluate evidence. Students can include conceptual reasoning but need to also use specific
observable data to support their claim. At the highest level students make logical associations
between data and scientific theories while using multiple sources of data in a coordinated manner
to reach an evidence-based warrant. To act like a scientist, students must also assess the
adequacy of the evidence or evaluate the validity of the warrant. Finally, to support the process
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of argumentation as well as the content of the argument, chapter 3 emphasizes the need to embed
the type of talk in the evaluation process. The criteria for scientific argumentation is reflective of
the demands from accreditation institutions, graduate schools, potential employers, and
professional scientists. The highest level of quality, therefore, constitutes persuasion dialogue
(critical discussion) and inquiry dialogue, which are the two forms of dialogue most consistent
with scientists in the field, with persuasion dialogue being at a higher level than inquiry (Latour,
1987; Martin and Richards, 1995).

Implications for Professional Development, Instruction & the Pedagogy of Argumentation
Implications for Professional Development for Instructors
The conclusions from this research indicate several implications for professional
development for instructors. First, the findings advocate that argumentation structures and
discursive moves, particularly revoicing and telling, should be implemented and supported
simultaneously in classroom activities. The research here recommends targeted professional
development towards developing pre-argumentation tasks such as using ‘on-demand quick
writes’ about a concept which can later be used as a reference point by students as they engage in
small group discussions to support revoicing. Additional professional development in needed in
designing pre-argumentation supports during the syllabus or curriculum planning stage. These
supports include academic vocabulary sheets, pre-reading activities and the use of argument
maps to help students organize their ideas for each of the argumentation components. Second,
instructors may benefit from professional development targeted towards facilitating discussions
during argumentation. This includes instructors becoming familiar with techniques that propel
student talk such as accountable talk stems (Michaels et al., 2002; Resnick et al., 2001),
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practicing requests for evidence, and learning how to ask students to respond to each other. An
additional high-impact practice is the use of question charts (Herrenkohl & Guerra, 1998, p. 471473), which are similar to accountable talk stems, but directly support students in embracing the
‘audience role’. Herrenkohl et al. (1999) found that the strategic use of the audience role
supported foundational argumentation activities, such as challenging perspectives, negotiation of
comprehension, and improving listening skills. The activities may also support community
building and classroom culture. The importance of classroom culture has been investigated by
Kuhn and Reiser (2007) who found that the culture, particularly one that views claims and
evidence as significant, was the most influential variable in promoting argumentation, over
explicit teaching of the criteria for evaluating evidence, or specific design of tasks, or
pedagogical strategies (Jimenez-Aleixandre, 2008). While we agree with Kuhn & Reiser’s
perspective that the classroom culture has a significant influence on promoting high-quality
argumentation, we emphasize, based on findings from this research, that high-quality
argumentation is a bricolage comprised of the intertwined pedagogical, interactional, discursive,
and cognitive constituents of the learning environment. This is supported by Zohar & Nemet
(2002) and brings us to the third professional development implication. Instructors need explicit
instructional support in learning how to model and facilitate discussions about the criteria for
high-quality arguments. Zohar & Nemet’s (2002) study examined the influence of explicitly
teaching the argument structure and criteria for strong arguments on students’ argumentation
capacity. Their study concluded that, while students needed consistent future reinforcement,
overall, the impact of engaging in multiple opportunities to practice argumentation skills during
the unit led to significant improvement in students’ argumentation skills.
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Implications for Instruction
Key implications for pedagogical practice include: 1) designing the curriculum to support
students in building foundational knowledge, such as academic vocabulary and prerequisiteconcepts, 2) since argumentation is a collaborative effort, organize the learning environment to
ensure that students work in small-groups around an authentic argument prompt (JimenezAleixandre, 2008) and are asked to justify their reasoning, 3) given that argumentation is a
dialogic process where plural accounts are considered, provide structures for student to present
their ideas. With this structure thinking becomes visible and can be evaluated. Presentation also
encourages students to embrace other students critique and consider alternative ideas, 4)
facilitate the communicative and social aspects of argumentation by promoting the use of
revoicing and telling moves because it played a significant role in guiding and structuring the
argumentation process, and finally, 5) explicitly model (Herrenkohl et al.,1999) the criteria for
high-quality argumentation by sharing high level exemplars of each TAP component and
assessment tools such as the Assessing Argumentation Dynamically (AAD) rubric and engage
students in a brief discussion about the criteria of the exemplar.
Further implications for the pedagogy of argumentation is the design of the type of task
that supports argumentation. This was not examined in this dissertation but researchers of
argumentation (Eichinger et. al, 1991; Pea, 1993; Kelly et al., 1998) have suggested that the task
be designed authentically. Authentic tasks are those that involve real-life issues with unintended
obstacles or dilemmas (Jimenez-Aleixandre, 2008) in which students use the rhetorical practices
of scientists and the inquiry process to solve (Zohar & Nemet, 2002; Sandoval & Reiser, 2004;
Kolstø & Mestad, 2005). It must also encourage problem solving and a “diversity of outcomes”
that promotes a “plurality of explanations” (Jimenez-Aleixandre, 2008, p. 100). Tasks that
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promote argumentation are situated in real-life dilemmas and that which students view as
relevant for their lives (Sadler & Zeidler, 2005).

Suggested Activities
•

Before the start of each unit ensure that students are familiar with vocabulary and prerequisite concepts related to the topic. Since language is used as a tool to influence the
power dynamics (chapter 2) students have the opportunity to use words relevant to the
topic and improve their symbolic and social capital (Wenger, 1998).

•

Organize students in fixed or flexible groups, based on an argumentation skill prediagnostic.

•

Create authentic, problem-solving prompts (Zohar & Nemet, 2002; Sandoval & Reiser,
2004; Kolstø & Mestad, 2005).

•

Ask students to support their claims with evidence (seen within the structure of POGIL
activities).

•

Provide each student group with a whiteboard (mini or large size) or large chart paper
and ask them to display their work and their thinking.

•

In the first lesson, listen to student talk and be mindful for opportunities to apply R1:
Repeating. Practice this for a week. Then execute R2: Rephrasing in week 2.

•

Share Accountable Talk Stems (Michaels et al., 2002; Resnick, 2001) or Question Charts
(Herrenkohl & Guerra, 1998, p. 471-473) with students and explicitly teach students how
to utilize these tools during classroom discussions.

•

Model exemplars of AAD’s Level 3 or 4 for each of the TAP components and discuss the
criteria or the exemplar.
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•

To assess student talk, create a ‘tracker’ using the table function in word processing or by
using a spreadsheet software. Circulate and listen to student discussions and mark off on
the tracker the quality level of the student expression for the examined TAP component.
Use the rubric to provide actionable feedback to students to assist them in improving their
level.

•

Using the overall trends from the tracker, modify future lesson plans such as changing
student groups to reflect homogeneous or heterogeneous grouping based on skill level, or
utilizing a Fishbowl or Socratic Seminar structure to reteach argumentation skills. In this
latter strategy, students sit in inner and outer circles. Students in the inner circle are
involved in the discussion while students in the outer circle observe and rate their peers
with the AAD rubric.

Conclusions & Overall Findings
An answer to research question 1 can be found in the overall findings across this
dissertation. The findings suggest that in order to enhance argumentation skills it is important for
instructors to 1) employ a range of pedagogical strategies and design the learning environment in
specific ways to support the process of argumentation (described in the implications section in
chapter 5), 2) promote and utilize discursive moves, particularly telling and revoicing, while
supporting argumentation in a concurrent fashion, and 3) monitor both the process and product
of argumentation by evaluating individual argumentation components and the type of dialogue
used by the science community.
To support argumentation holistically this dissertation considered the dual-nature of
argumentation—that it is process and product. There are several frameworks (Levels of
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Argumentation, TAP) that can easily assist instructors in improving and evaluating the content of
an argument, which would inherently include a monitoring of the claim, grounds, warrants,
rebuttals etc. However, this study agrees with Duschl and Osborne’s (2002) definition of
argumentation which is “the process of constructing an argument” (p. 41) and is “a social and
collaborative process necessary to solve problems and advance knowledge” (p. 41). The process
of engaging in argumentation is the process espoused by scientists (Duschl & Osborne, 2002).
Arguments are constructed by the critical assessment of the claim-grounds-warrants and this
assessment is established by set criteria (Siegel, 1989) which is grounded in science practices.
These practices include a particular way of speaking, reading, and writing that is unique to the
scientific domain. With this in mind, the research presented here suggests that instructors support
students not only in arriving at a logical construction of the relationship between claims, grounds
and warrants but also promote the collaborative and social effort of arriving at these
constructions.
In general, findings from this research imply that argumentation skills can develop in
classroom environments in which students work collaboratively to solve dilemmas by engaging
in the use of data, evaluating claims and evidence, presenting their ideas to others for critique,
and constructing arguments in a manner that convinces others to change their view. This activity
is facilitated by the instructors’ simultaneous use of particular discursive moves to drive the
discussion forward and promote entry paths for students.

Limitations & Future Direction
An acknowledged limitation is that this dissertation is that it is an exploratory study of a
singular event. However, the findings across the studies are encouraging for future research. It is
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expected that these practices inspire possibilities for future research. This includes applying the
findings from all three chapters to larger argumentation events and data sets in order to examine
the influence of the intentional use of discursive moves, or the pedagogical strategies
highlighted, or the evaluative tool presented in this research (Assessing Argumentation
Dynamically rubric). Analyzing a series of larger or additional argumentation events will also
address the major limitation of this research, which is that it is based on a singular argumentation
event.
Additional testing of the Assessing Argumentation Dynamically rubric, specifically, is
also recommended as a future direction. The rubric that was developed and presented in this
dissertation is an outcome of the findings from the research, particularly from a review of the
literature on assessing argumentation. Applying it to assess verbal and written argumentation can
expand the research presented here, and lead to iterations of the tool, including modifications for
evaluating written argumentation. A suggested methodology for future work involves: 1) coding
the transcript using TAP to determine the argumentation components, 2) chunking the transcript
into sequences or by excerpts, 3) analyzing the sequences using the focus component (e.g.
claims), to determine the quality of the product of argumentation, and 4) analyzing the sequences
for the type of talk by participants, to highlight the process of argumentation.
It is also expected that the application of the findings from this dissertation will result in
higher levels of TAP expressions because instructors will be cognizant of the criteria for high
quality argumentation. The instructor, while experienced in using POGIL (see chapter 1)
activities, received no previous pedagogical training in supporting argumentation. Despite this
some students in the course had implicit knowledge of how to state arguments, particularly in
expressing claims, grounds and warrants. This awareness may lead instructors to ask students to
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use multiple sources of data to support their warrants and counterarguments in order to persuade
others to change their perspectives as is the expected discourse among scientists in the field.
These approaches may allow researchers (and instructors) to assess the process and
product of argumentation events dynamically, which can potentially enhance argumentation
skills and improve science pedagogy overall. More importantly, given that argumentation is an
empowerment tool (see chapter 1: theoretical framework), these approaches to improve
argumentation skills has the potential to distribute power among participants, particularly
newcomers and underrepresented student groups in Science, Technology, Engineering, and
Mathematics (STEM) (NRC, 2011; NSF, 2012; PCAST, 2012; Chen, 2013) thereby challenging
conventional notions of who can succeed in the science field resulting in increases to equity and
access for all.
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APPENDICES
Transcript of Event

Turn #
1.

Talk

Sequence
#

Notes/Comments

IODM

TAP (Toulmin
Framework)

Kelly: Br2

2.

Daniel: Good question Emma

3.

Kimmy: Kimmy

4.

Daniel: I mean Kimmy

5.

Kimmy (looking at Emma) It’s
all right, I’m used to people
calling me Emma (laughs).

6.

Kimmy: Talk. What’s going on
in your brain? I can’t hear you.
Not listening.

1

Talks to Kelly and
Linda who are at the
board

M1

7.

Linda: Remember Filippa?

1

Looks behind to Filippa

Q3, M1

8.

Amari: Wouldn’t the Br pull
off one hydrogen?

1

Points finger to board,
raises questions (safe?)

R4

Claim

9.

Filippa: Umm, the Br2 pulls of
the hydrogen,

1

Points finger to board,
Agrees with Amari
(Supporting Amari)

R1

Backing

10.

Amari: The first hydrogen

1

Expands Filippa’s
statement, gives
specific details

R3

Backing

11.

Filippa: The electron moves
onto that and then they form a
double bond

1

R3

Claim

12.

Kelly: Yeah we did it

1

R5
(Evaluat
ing
through
agreein
g with
the use
of
“yeah”)

Backing

13.

Linda: And then what?

1

Looks at Kimmy

Looks at Emma

Agrees with Filippa

Q2
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14.

Amari: And then so it pulls off
the other one also and that.
Isn’t it also like the half?

1

Points finger to board.
Raises question (safe?)

T1, T3
or Q4

Backing

15.

Filippa: Yeah then the Br also
pulls off

1

Puts hands on top of
head as in stretching
pose, agrees with Amari

R1 and
R3, R5

Backing

16.

Linda: Oh yeah

1

R5

Backing

17.

Kelly: No it’s the top reagent

1

T1

Rebuttal

18.

Kimmy: The Br pulls off the
hydrogen so then that becomes
a

1

R1

Claim

19.

Kelly: OK and then you just...
just have a Br

1

R3 or
T1

Backing

20.

Kimmy: Wow

1

R5

21.

Kelly: Hanging around

1

22.

Linda: Yeah but Br pulls this.
The electrons in that bond
moves to form the double bond

23.

Interrupted

Taps on board with
marker

R3

Continuation of
turn 19, backing

1

T3 or
T1

Claim

Filippa: So now the extra Br

1

R3

24.

Amari: No but the hydrogen
needs to come off because of
the octet

2

T1 or
T3

Rebuttal

25.

Kimmy: So the hydrogen
comes off from the Br

2

Raises hand, openfaced towards board.
Fine-tunes statement.
She repeats her
statement from turn 21

R1

Claim

26.

Linda: Yeah they pull all the
hydrogen off

2

Fines tunes statement

R2

Warrant

27.

Kimmy: That’s what makes it
positive

2

Hand raised, open faced
towards the board.
Fines tunes statement

R3

Warrant

28.

Kelly: And these electrons
shift…moves

2

Fines tunes statement

R3

Backing

29.

Amari: But the carbon on top
because then now you can’t
have that new double bond
because

2

Points finger to board

T1

Claim
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30.

Linda: That’s what I was
thinking

2

31.

Amari: It has to pull off another
hydrogen that’s why there’s
two Br’s

2

Points finger to board

T1 and
T3 (to
turn 32)

Warrant

32.

Filippa: But…but wouldn’t it
be

3

Points finger to board

T1

Start of Rebuttal

33.

Linda: Hold on

3

34.

Filippa: Wouldn’t it be a
radical type of thing because
when they…?

3

Points finger to board

T1 and
Q2

Rebuttal

35.

Amari: Yeah Br2 is a radical
right that’s how I learned it. Its
Br2 over light

3

Talking to Filippa

R2, R4

Backing

36.

Linda (softly to Kelly): This? I
don’t think so

3

T3

37.

Kelly: So this one over here.
You have one left Br

3

R2
(from
turn 34)

38.

Linda: Yes

3

R5

39.

Kelly: And the electrons move

3

R3

40.

Linda: Yes

3

R5

41.

Kelly: Oh I get it. This Br pulls
off the hydrogen

3

42.

Linda: Yeah the hydrogen also

43.

R5

M1

Taps at board

Grounds (based
on concept)

Continuation of
Grounds (based
on concept)

R1
(from
turn 11,
12, 21,
25, 29)

Claim

3

R1

Grounds

Kelly: That’s all

3

R5

44.

Linda: Yeah

3

R5

45.

Kelly: That’s all and then
you’re left with this

3

46.

Linda: But like the Br
accepting as bases

3

47.

Daniel: So are the Br’s
accepting as bases?

3

Taps at board

Reinforcing a Question
(manipulation)

R5

Grounds

T1

Claim

Q1
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48.

Linda: No. They can’t be acting
as bases

4

49.

Daniel: I thought bases attract
protons

50.

Slaps hands together
loudly talking to Daniel

T3

Rebuttal (to self)

4

T1

Rebuttal

Linda: The NaOH should be
the base

4

T3

New Claim

51.

Kimmy: Why is the NaOH?
What is that doing?

4

52.

Daniel: I think that’s a cata…I
think that’s a catalyst

4

53.

Linda: Don’t the Br’s add and
then…?

4

54.

Amari: No, that’s if you’re
using HBr

4

55.

Filippa: But then will the
NaOH take on a proton?

4

56.

Amari: But these are two Br’s

4

T3

57.

Linda: That’s what I thought
the NaOH has to yeah take off
the proton and yeah

4

R3 (to
turn 55:
Filippa)

Backing/Warrant

58.

Elijah: Does it take off a proton
if there is like no Chlorine or
something?

4

Q1

Claim/Warrant

59.

Kelly: Exactly something takes
off the Hydrogen

4

R1

Claim (basis of
the argument)

60.

Kimmy: We’re not in Organic
Chem

61.

Daniel: Pardon?

Q2

62.

Kimmy: (louder) We’re not in
Organic Chem

R1
(Turn
66)

63.

Daniel: Look I want you guys
to reflect how much you
remember

M3

64.

Amari: Well it’s not Br2 over
NaOH because when I did it
with Vanica [organic
professor], it was NaOH by
itself or Br2 over light

Talking to Linda

Talking to Filippa

Speaks loudly

Q2
T1 and
T3

Claim

Q2

Claim

T3

Rebuttal

Q2

Grounds

55=56 (overlap)

Under breath

5

Kelly taps on board

T1

R4, T3,
T4

Claim, Grounds,
Warrant
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65.

Kimmy: Yeah I remember Br2
over light

5

Open palm; facing
board

R1

Warrant/Backing

66.

Linda: Okay, if you add Br2
over light then Br2 gets added
to the single bonds

5

Crossed arms

R5
(Okay),
T1

Claim

67.

Amari: No it doesn’t. It pulls
off

5

T3

Rebuttal

68.

Elijah: It goes through free
radicals reaction

5

T1

Claim

69.

Amari: Yeah it’s a radical
reaction but it ends up pulling
off

5

R3, T4

Qualifier

70.

Linda: How do you pull it off?

5

71.

Amari: And you get a double
bond

5

72.

Amari: Because look

5

73.

Elijah: Basically it turns into

74.

68=69 (overlap)

Claim/Backing
sequence
70=71 (overlap)

Q2

Rebuttal

T4 (to
turn 75)

Claim/Backing
sequence

T1

Claim/Backing
sequence

5

R2

Claim/Backing
sequence

Amari: It’s umm…Extend this
side it’s with the arrow thing.
The light release it so you get
one like this and one like that
so then you end up

5

T3, R3

Warrant/Backing
sequence

75.

Linda: Right

5

R5

Backing

76.

Amari: And then this pulls off
one and you do the same
mechanism again

5

T3

Warrant/Backing
sequence

77.

Linda: So then we don’t need
the base?

5

Q2

Claim

78.

Amari: So then this would
come here because there’s still
that umm Hydrogen Carbon
bond so one goes here and
these form one so then you
have one HBr and then another
Br radical floating around and
then it’s the same thing and it

5

T3

Claim/Grounds/
Warrant/Backing
sequence

Gets up and walks
towards the board.
Takes marker from
Kelly

Erases writing after
being done

Drawing on board
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comes here. So then that’s how
you get your double bond
79.

Kelly: I’m going to agree with
you

5

80.

Linda: No.

6

81.

Daniel: Okay guys

6

82.

Linda: How come you can’t?

6

Q2

83.

Daniel: Nothing you’re doing
fine. So I’m…I’m hearing
there’s two proposed
mechanisms. One’s a free
radical and one’s a base
mechanism

6

T2, T4

84.

Linda: Right

6

85.

Daniel: Okay.

6

86.

Filippa: They both

6

87.

Kelly: They both work

6

88.

Filippa: They both

6

89.

Linda: But which one is the
correct one in this case?

90.

Looks at Amari then to
Linda

Comes in right after
Linda’s “No”. Breaking
patterns, making it safe

Amari sits down

R5

Backing (Linda?
Or encouraging
Linda to come
over?)

R5

Rebuttal

M1

R5
R5

Safe

T1

Claim

R1

Claim

Filippa shut down

R1

Backing

6

Talking to Daniel

Q4

Amari: Anyone because you
still get your product. I mean
you still get what you’re
looking for.

6

Talking to Linda

T3

Claim

91.

Linda: I mean wherever this
reaction is going on it can’t be
anyone

6

T1

Claim

92.

Daniel: It depends what you put
in there. You put Br and NaOH
because we had no other option
than Br and NaOH. Cuz that’s
what you told me to put in
there.

6

T3, T4

Warrant
(Backing Amari)

93.

Linda: Yeah

6

94.

Daniel: Ok so that’s fine. Is
there…is there maybe more

6

Talking to Linda

R5
Synchronized with
Linda

T4, Q1,
M3
(okay
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than one way to get an H2O
across, I mean, a double bond?

that’s
fine),
M4

95.

Linda: Double bond

6

96.

Linda/Filippa/Amari/Kimmy:
Yea…yes

6

R5

97.

Daniel: That’s it. So we’ve now
had two students propose one.

6

R3

Synchronized with
Daniel (Linda comes
over)

R1
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